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ABSTRACT 


Approximately  70  percent  of  all  U.S.  military  training  lands  are  located  in  arid  and  semi-arid 
areas.  Training  activities  in  such  areas  frequently  adversely  affect  vegetation,  damaging  plants 
and  reducing  the  resilience  of  vegetation  to  recover  once  disturbed.  Fugitive  dust  resulting  from 
a  loss  of  vegetation  creates  additional  problems  for  human  health,  increasing  accidents  due  to 
decreased  visibility,  and  increasing  maintenance  costs  for  roads,  vehicles,  and  equipment.  Under 
conventional  technologies  to  mitigate  these  impacts,  it  is  estimated  that  up  to  35  percent  of 
revegetation  projects  in  arid  areas  will  fail  due  to  unpredictable  natural  environmental 
conditions,  such  as  drought,  and  reclamation  techniques  that  were  inadequate  to  restore 
vegetative  cover  in  a  timely  and  cost-effective  manner. 

New  reclamation  and  restoration  techniques  are  needed  in  desert  ranges  to  help  mitigate  the 
adverse  effects  of  military  training  and  other  activities  to  arid-land  environments.  In  1999,  a 
cooperative  effort  between  the  U.S.  Department  of  Energy  (DOE),  the  U.S.  Department  of 
Defense  (DoD),  and  selected  university  scientists  was  undertaken  to  focus  on  mitigating  military 
impacts  in  arid  lands. 

As  arid  lands  are  impacted  due  to  DoD  and  DOE  activities,  biological  and  soil  resources  are 
gradually  lost  and  the  habitat  is  altered.  A  conceptual  model  of  that  change  in  habitat  quality  is 
described  for  varying  levels  of  disturbance  in  the  Mojave  Desert.  As  the  habitat  quality  degrades 
and  more  biological  and  physical  resources  are  lost  from  training  areas,  greater  costs  are  required 
to  return  the  land  to  sustainable  levels.  The  purpose  of  this  manual  is  to  assist  land  managers  in 
recognizing  thresholds  associated  with  habitat  degradation  and  provide  reclamation  planning  and 
techniques  that  can  reduce  the  costs  of  mitigation  for  these  impacted  lands  to  ensure  sustainable 
use  of  these  lands. 

The  importance  of  reclamation  planning  is  described  in  this  manual  with  suggestions  about 
establishing  project  objectives,  scheduling,  budgeting,  and  selecting  cost-effective  techniques. 
Reclamation  techniques  include  sections  describing:  (1)  erosion  control  (physical,  chemical,  and 
biological),  (2)  site  preparation,  (3)  soil  amendments,  (4)  seeding,  (5)  planting,  (6)  grazing  and 
weed  control,  (7)  mulching,  (8)  irrigation,  and  (9)  site  protection.  Each  section  states  the 
objectives  of  the  technique,  the  principles,  an  in-depth  look  at  the  techniques,  and  any  special 
considerations  as  it  relates  to  DoD  or  DOE  lands. 

The  need  for  monitoring  and  remediation  is  described  to  guide  users  in  monitoring  reclamation 
efforts  to  evaluate  their  cost-effectiveness.  Costs  are  provided  for  the  proposed  techniques  for 
the  major  deserts  of  the  southwestern  U.S.  showing  the  average  and  range  of  costs.  A  set  of 
decision  tools  are  provided  in  the  form  of  a  flow  diagram  and  table  to  guide  users  in  selecting 
effective  reclamation  techniques  to  achieve  mitigation  objectives. 

Recommendations  are  provided  to  help  summarize  key  reclamation  principles  and  to  assist  users 
in  developing  a  successful  program  that  contributes  to  sustainable  uses  of  DoD  and  DOE  lands. 
The  users  manual  is  helpful  to  managers  in  communicating  to  installation  management  the  needs 
and  consequences  of  training  decisions  and  the  costs  required  to  achieve  successful  levels  of 
sustainable  use. 
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Appendices  are  provided  that  describe  native  plant  species  that  are  well  suited  to  reclamation  in 
arid  lands  of  the  Southwest.  An  in-depth  paper  describing  reclamation  costs  is  provided,  a  post¬ 
closure  monitoring  checklist  is  included,  and  links  to  selected  World  Wide  Web  Internet  Web 
sites  are  provided. 

This  users  manual  focuses  on  the  development  of  new  reclamation  techniques  that  have  been 
implemented  at  the  National  Training  Center  at  Fort  Irwin,  California,  and  are  applicable  to  most 
arid  land  reclamation  efforts.  New  diagnostic  techniques  for  rapidly  assessing  changes  in 
vegetation  are  described  in  a  separate  companion  report:  Vegetation  Change  Analysis,  Users 
Manual  (Hansen  and  Ostler,  2002). 


1.0  INTRODUCTION 


1.1  BACKGROUND 

Approximately  70  percent  of  all  U.S.  military  training  lands  are  located  in  arid  and  semi-arid 
areas.  Training  activities  may  adversely  affect  vegetation,  damaging  plants  and  reducing  the 
resilience  of  vegetation  to  recover  once  disturbed.  The  cumulative  impacts  may  result  in  loss  of 
the  seed  pool  and  soil  resources  such  as  organic  matter  and  soil  microorganisms  needed  to 
recycle  soil  nutrients.  Fugitive  dust  resulting  from  a  loss  of  vegetation  creates  additional 
problems  for  human  health,  increases  accidents  due  to  decreased  visibility,  and  increases 
maintenance  costs  for  roads,  vehicles,  and  equipment. 

Under  conventional  technologies  to  mitigate  these  impacts,  it  is  estimated  that  up  to  35  percent 
of  revegetation  projects  in  arid  areas  will  fail  due  to  unpredictable  natural  environmental 
conditions  and  because  of  reclamation  techniques  that  were  inadequate  to  restore  vegetative 
cover  in  a  timely  and  cost-effective  manner.  In  1999,  a  cooperative  effort  between  the  U.S. 
Department  of  Energy  (DOE),  the  U.S.  Department  of  Defense  (DoD),  and  selected  university 
scientists  was  undertaken  to  focus  on  mitigating  military  impacts  in  arid  lands. 

Bechtel  Nevada  assembled  a  team  of  scientists  to  address  these  problems  in  arid  lands.  The 
research  team  included  researchers  and  advisors  from  government,  universities,  and  private 
industry.  Collaborators  include  DOE  National  Nuclear  Security  Administration  Nevada 
Operations  Office,  Bechtel  Nevada  (BN),  DoD  -  Fort  Irwin,  Center  for  Ecological  Management 
of  Military  Lands  at  Colorado  State  University,  U.S.  Army  Construction  Engineers  Research 
Laboratory,  California  State  University  -  Dominguez  Hills,  and  Weber  State  University  - 
Applied  Ecological  Services,  Inc.  Fort  Irwin,  the  U.S.  Army’s  National  Training  Center  (NTC) 
located  near  Barstow,  California,  in  the  Mojave  Desert,  was  selected  as  the  primary  test  site  for 
development  of  new  technologies.  The  approach  focuses  on  specific  problems  of  the  NTC,  but 
is  suitable  for  other  DoD  and  DOE  facilities  in  arid  and  semiarid  areas. 

In  the  fall  of  1999,  a  workshop  was  conducted  in  Las  Vegas,  Nevada,  to  review  the  program’s 
goals  and  objectives.  Key  features  of  the  program’s  proposed  research  were  presented  and 
invited  scientists  knowledgeable  in  remote  sensing  and  revegetation  provided  feedback  to  shape 
the  technologies  as  provided  here 

1 .2  GOALS  AND  OBJECTIVES 

This  manual  is  designed  to  assist  users  in  understanding  basic  principles  of  land  reclamation  and 
selecting  new  and  cost-effective  techniques  for  rehabilitation  and  restoration  of  disturbed 
habitats  at  their  facilities.  The  reclamation  and  diagnostic  tools  presented  will  enable 
management  to  maximize  utilization  of  limited  training  environs  and  thus  increase  operational 
readiness.  It  will  help  reduce  the  amount  of  downtime  and  off-limit  areas  imposed  by 
rehabilitation/mitigation  activities  by  identifying  critical  stages  of  habitat  degradation  and 
focusing  resources  to  extend  resiliency  of  training  areas  for  longer  periods  of  time.  It  will  also 


be  useful  in  developing  and  evaluating  the  cost  effectiveness  of  new  rehabilitation  and 
restoration  techniques  for  short-term  and  long-term  range  sustainability. 

Innovative  technologies  developed  and  discussed  in  this  manual  will  provide  valuable  tools  to 
ensure  continuation  of  military  testing  and  training  currently  threatened  by  deteriorating  site 
conditions.  Techniques  developed  in  this  projeet  will  decrease  the  risk  of  violating  particulate 
standards  of  the  Clean  Air  Act  that  could  potentially  restrict  or  reduce  testing  and  training 
exercises.  New  rehabilitation  and  restoration  techniques  will  find  immediate  applieation  for 
Integrated  Training  Area  Management  (ITAM)  personnel  located  at  military  facilities  in  the 
western  United  States  where  ecosystem  sustainability  for  training  and  testing  is  at  risk.  Applying 
techniques  identified  in  this  manual  will  increase  the  success  of  restoration  and  possibly  save  as 
much  as  $5  million  annually  within  the  DoD.  Strategies  proposed  here  will  improve  the 
efficiency  and  effectiveness  of  revegetation  efforts,  reduce  the  risk  of  failures  in  restoration 
efforts,  and  maximize  the  use  of  areas  for  training  or  other  mission-related  aetivities. 

1.3  SERDP  USERS  MANUALS 

The  technologies  evaluated  and  tested  are  divided  into  two  principal  areas:  (1)  diagnostics  and 
(2)  restoration  techniques.  Technologies  are  described  in  two  separate  user's  manuals: 

•  Vegetation  Change  Analysis  User's  Manual.  Hansen,  Dennis  J.,  and  W.  Kent  Ostler.  2002. 
DOE/NV/1 1718-729,  Bechtel  Nevada,  Ecologieal  Serviees,  Las  Vegas,  NV  89193. 

Prepared  for  the  U.S.  Department  of  Energy,  National  Nuclear  Security  Administration 
Nevada  Operations  Office,  Environment,  Safety,  and  Health  Division,  NV  89193-8518 

•  New  Technologies  to  Reclaim  Arid  Lands  User's  Manual  Ostler,  W.  Kent,  David  C. 
Anderson,  Derek  B.  Hall,  and  Dennis  J.  Hansen.  2002.  DOE/NV/1 1718-731,  Bechtel 
Nevada,  Ecological  Services,  Las  Vegas,  NV  89193.  Prepared  for  the  U.S.  Department  of 
Energy,  National  Nuclear  Security  Administration  Nevada  Operations  Office,  Environment, 
Safety,  and  Health  Division,  NV  89193-8518 

These  manuals  were  distributed  in  a  workshop  held  in  Las  Vegas,  Nevada,  during  the  fall  of 
2002.  The  purpose  of  the  workshop  was  to  facilitate  technology  transfer  by  presenting  the  new 
technologies  and  assisting  scientists  working  at  selected  military  installations  to  understand  how 
these  technologies  could  assist  them  in  managing  biological  resources  at  their  sites. 

1 .4  RELATIONSHIP  TO  OTHER  USER'S  MANUALS  AND  TECHNOLOGIES 

There  are  several  books  and  publications  on  arid-land  restoration  that  have  been  developed  for 
specific  areas  and  purposes  and  that  outline  general  factors  that  should  be  considered  for  these 
harsh  areas  (Allen,  1988;  Crosswhite  and  Crosswhite,  1982;  Goudie,  1990;  Wallace,  et  al., 

1980).  Many  of  these  contain  helpful  information  and  should  be  read  to  understand  the  unique 
problems  associated  with  revegetation  of  arid  lands.  There  are  only  a  few  publieations  that 
would  be  considered  users  manuals  for  revegetation  of  the  southwestern  deserts  of  the  United 
States  (Bainbridge  et  al.,  1998;  Bainbridge  et  al.,  1993;  Cox  et  al.,  1982;  Institute  for  Land 
Rehabilitation,  1979).  While  these  provide  valuable  information,  they  are  not  inclusive  of  many 
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aspects  of  reclamation.  Also,  DoD  facilities  often  have  unique  or  different  goals  and  objectives 
that  make  reclamation  of  DoD  sites  more  difficult.  The  DoD  in  cooperation  with  other 
government  agencies,  has  developed  several  references  to  aid  Land  Rehabilitation  and 
Maintenance  coordinators  throughout  the  United  States  in  developing  reclamation  plans  and 
implementing  those  plans  at  their  sites. 

One  such  tool  is  the  VegSpec  (http;//ironwood.itc.nrcs.usda.gov/NetdynamicsA^egspec/pages/ 
HomeVegspec.htm),  which  is  a  training  area  plant  species  design  software  tool  that  aids  the 
installation  land  managers  with  selecting  plant  species  that  are  suitable  for  rehabilitating 
disturbances  or  for  landscaping  around  facilities.  VegSpec  utilizes  soil,  plant,  and  climatic  data 
to  select  plant  species  that  are  suitable  and  adapted  to  specific  sites  and  objectives.  The  VegSpec 
identifies  plant  species  that  meet  users  defined  land-use  criteria.  The  system  helps  calculate  a 
seeding  rate  and  evaluates  the  mixture  for  potential  compatibility  problems.  It  also  helps  design 
the  planting  dates,  seed  placement,  planting  method,  propagule  treatment,  seedbed  and  site 
preparation,  temporary  cover,  and  soil  amendments.  This  program  was  developed  for  all 
locations  in  the  United  States  and  does  not  work  well  for  arid  lands  particularly  if  the  user  is 
trying  to  reestablish  a  native  vegetation  cover  on  a  disturbed  site. 

1.5  CONCEPTUAL  MODEL  FOR  DISTURBANCE  OF  ARID  LAND 

The  impacts  of  military  training  include  such  things  as  mechanical  damage  to  plants,  compaction 
of  soils  that  restrict  root  growth  and  the  establishment  of  new  seedlings,  loss  of  soil  structure  that 
inhibits  infiltration  of  precipitation,  loss  of  soil  nutrients  and  organic  matter  that  accelerate 
erosion,  sandblasting  of  young  plants,  and  loss  of  beneficial  soil  microorganisms  that  provide 
nutrients  to  plants  and  bind  soil  particles  together  (biotic  crusts).  Under  severely  disturbed 
conditions,  mature  plants  capable  of  producing  seed  are  lost  and  the  soil  seed  bank  becomes 
depleted.  Valuable  resources  such  as  topsoil  and  nutrients  may  be  lost.  Soils  under  further 
degradation  may  become  hydrophobic,  with  increased  temperature  and  salinity  that  may  inhibit 
germination  and  growth  of  new  plants. 

Figure  1-1  shows  the  key  phases  of  habitat  degradation  that  result  under  increasing  disruption 
from  military  training.  Phase  I  represents  habitat  in  relatively  undisturbed  conditions  with  a  full 
complement  of  plant  species  and  undisturbed  community  structure  and  composition.  As  light 
disruption  begins,  there  is  usually  a  loss  of  plant  vigor  of  sensitive  species  categorized  as 
Phase  II.  Under  moderate  disruption  levels  (Phase  III),  there  is  a  loss  of  sensitive  species. 

During  heavy  disruption  levels  (Phase  IV),  there  is  a  loss  of  not  only  the  sensitive  species,  but 
also  the  resistant  species.  During  very  heavy  disruption  levels,  even  resistant  species  lose  vigor 
until  little  or  no  seed  or  plants  remain.  Soil  resources  such  as  nutrients,  organic  matter,  soil 
microorganisms,  and  even  topsoil  are  lost  by  wind  and  water  erosion.  The  few  plants  that  do 
become  established  are  severely  challenged  by  increased  evapotranspiration,  damage  from 
insects  such  as  ants  and  small  mammals,  and  damage  from  blowing  sand. 

The  lack  of  water  in  arid  and  semiarid  military  ranges  is  perhaps  the  most  limiting  factor  in  the 
growth  and  resiliency  of  vegetation  to  withstand  training  impacts  (Wallace  et  al.,  1980;  Verma 
and  Thames,  1978).  In  desert  areas,  the  cost  of  recovery,  risk  of  failure,  and  time  needed  for 
recovery  increase  dramatically  and  curvilinearly  with  the  severity  of  impact  (Figure  1-2).  In 
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recognizes  (hat  the  ranges  have  to  be  Enanaged  on  asusla.mabk  basis  and  (hey  need  bo  ensure  ihM 
vital  liv^e  training  inrrestnMdures.  will  be  available  indmfinElejy  to  support  IminEng  nauiincs.  TIk 
objective  nf  sustainable  ranges  b  to  tnaxlmire:  the  capahitrty,  avattehiEity,  and  aecc^ib(l(fy  of 
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rigDTT  I-3p  risks,  and  lime  rvq aired  rcr  mwery  Fnlkmnvf;  linraplinii 

iDcreaH?  narc  rapidly  La  dry  tavircnncnla  tliin  ii>  mmst  flivirenincnls. 


Projtcled  Retfuverjf  Rate  for 

AOajavie  D^ert  Disturbed  Sties 


VMnSifiee  DMurbarKe 


Fq[HT<e  1-J.  Prajecled  recovery'  fur  disturbed  vegclalicr  nay  require  Iluadrtds  of 

ytUT?  to  Bchievt-  prcd>*t>>rtiai)(:c:  Irveh  of  >iq|;eta[inn  covtr  in  Brid  IbihIn. 


ranges  and  training  land.  Ensuring  the  availability  of  ranges  is  accomplished  in  part  through 
maintenance  of  the  ranges.  Assessments  are  conducted  to  evaluate  the  condition  of  the  ranges  in 
terms  of  environmental  compliance  and  stewardship  as  well  as  environmental  impacts  on  live 
training  execution,  particularly  safety.  For  the  U.S.  Army,  this  assessment  is  accomplished 
through  the  LCTA  program.  New  techniques  to  assist  with  LCTA  assessments  are  discussed  in 
the  companion  to  this  user's  manual.  Vegetation  Change  Analysis  User's  Manual  (Hansen  and 
Ostler,  2002).  When  conditions  at  training  area  have  seriously  degraded,  then  active  mitigation 
needs  to  occur  to  protect  the  area  from  further  loss  of  resources.  This  can  be  accomplished  by 
numerous  techniques  including  simply  restricting  activities  on  the  site.  As  discussed  above, 
recognizing  and  mitigating  a  downward  trend  early  in  arid  areas  is  critically  important  and  can 
save  valuable  resources,  time,  and  money.  Techniques  to  assist  with  this  mitigation  are 
presented  in  this  user's  manual. 


1.7  APPLICABILITY 

This  user's  manual  is  written  specifically  for  the  arid  regions  of  the  southwestern  United  States, 
specifically  the  Great  Basin,  Mojave,  and  northern  Sonoran  Deserts  (Figure  1-4).  While 
principles  can  be  used  in  other  arid  areas,  the  species  lists,  timing  of  revegetation,  costs,  and 
other  techniques  are  focused  on  these  areas.  These  desert  areas  are  differentiated  primarily  by 
temperature.  The  Great  Basin  Desert  generally  has  freezing  conditions  during  the  winter  months 
and  plants  often  go  dormant  to  avoid  these  cold  temperatures.  The  Mojave  and  Sonoran  Deserts 
rarely  experience  temperatures  below  freezing  and,  if  so,  generally  only  for  a  few  days.  Summer 
temperatures  are  also  much  higher  in  the  Mojave  and  Sonoran  Deserts.  Precipitation  patterns 
also  differ  among  these  deserts.  The  Great  Basin  Desert  has  a  bimodal  distribution  with  spring 
(March- April)  and  fall  (October-November)  periods  of  higher  precipitation.  The  northern 
portion  of  the  Sonoran  Desert  has  higher  summer  precipitation  (July-September)  while  the 
Mojave  Desert  receives  slightly  higher  winter  precipitation  (December-February).  The  amount, 
distribution,  and  consistency,  or  lack  thereof,  are  important  factors  in  determining  when  and  how 
to  revegetate  these  desert  areas. 
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Figurt  1-4.  Mup  of  Ihc  Mojivt,  -Scnoran,  «iiri  GrtaE  Bniiin  in  the 
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2.0  RECLAMATION  PLANNING 


The  accomplishment  of  a  successful  revegetation  program  is  dependent  upon  the  development 
and  execution  of  an  orderly  documented  plan.  Proper  planning  is  often  the  most  critical  factor  to 
ensure  successful  reclamation  efforts.  Conversely,  improper  planning  is  the  major  reason  for 
failure  in  reclamation  projects,  particularly  in  arid  lands.  The  platming  process  should  be  started 
early,  preferably  at  the  inception  of  the  project  development  activities.  The  schedule  for 
revegetation  should  be  closely  coordinated  with  other  entities  so  that  the  site  will  be  ready  for 
revegetation  at  the  proper  time.  Early  in  this  process  is  when  stakeholders  or  land  managers 
identify  concerns  and  priorities  and  misconceptions  or  misunderstandings  are  resolved. 

2.1  RECLAMATION  PLAN  AND  TECHNIQUE  SELECTION  TABLE 

A  reclamation  plan  first  and  foremost  identifies  the  land-use  objectives.  This  is  critical  because 
it  will  determine  which  techniques  and  species  will  be  used  in  reclaiming  the  site.  In  addition  to 
this,  the  plan  should  describe  constraints,  scheduling,  contracting,  site  assessment,  site 
preparation,  species  selection,  technique  selection,  monitoring,  and  remediation.  Each  section  in 
this  user's  manual  presents  and  describes  general  principles,  techniques,  and  variables  that  should 
be  considered  for  their  proper  use. 

To  assist  users  of  this  manual  in  how  to  make  selections  of  species,  techniques,  etc.,  we  have 
included  a  flow  diagram  and  a  table  in  Section  6.0,  “Decision  Tools  for  Selection  of  Reclamation 
Techniques.”  This  manual  is  designed  to  first  present  and  discuss  the  various  techniques  and  the 
rational  for  their  use.  The  decision  table  that  can  be  used  to  determine  site-specific  techniques 
based  on  information  that  the  user  would  provide  then  follows  these  discussions.  This  should 
provide  a  background  and  basis  from  which  to  make  decisions  within  the  table. 


2.2  OBJECTIVES 

Objectives  or  goals  may  focus  on  erosion  control,  restoring  or  creating  wildlife  habitat,  or 
enhancing  aesthetics.  Regulatory  requirements  and  future  use  of  the  site  may  also  define 
reclamation  objectives.  Some  agencies  and  states  have  standards  that  must  be  met  for 
revegetation  of  land,  which  are  often  tied  to  a  performance  bond.  While  neither  DOE  nor  DoD 
has  such  standards,  they  do  have  internal  regulations  and  executive  orders  that  serve  as  drivers 
for  revegetation  of  disturbances.  The  U.S.  Fish  and  Wildlife  Service  may  also  mandate  certain 
requirements  to  compensate  for  threatened  or  endangered  species  habitat  losses  due  to  various 
activities  (e.g.,  reclamation  of  disturbances  in  desert  tortoise  habitat). 

Sometimes  the  most  difficult  task  is  to  determine  reasonable  objectives  for  the  reclamation  site. 
This  is  particularly  difficult  if  the  source  of  the  disturbance  is  still  occurring  (i.e.,  training  is  still 
occurring).  Land  managers  may  have  very  different  opinions  on  how  the  land  should  be  used 
beyond  the  overriding  and  long-term  goal  to  ensure  that  the  range  is  available  for  realistic 
training.  Land-use  objectives  may  include  erosion  control,  native  plant  community  restoration, 
trafficability,  slope  stability,  landscaping  around  facilities,  livestock  grazing,  or  wildlife  habitat. 
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Multiple  objectives  may  be  necessary  if  the  site  is  large  and  topographically  and  hydrologically 
diverse.  An  area  with  steeper  slopes  may  need  to  focus  on  slope  stability  while  this  would  not  be 
necessary  for  a  flatter  area  where  wildlife  habitat  may  be  more  important. 

The  objectives  need  to  be  realistic  and  based  on  the  extent  of  disturbance  of  the  site  and  the 
resources  available.  From  the  conceptual  model  discussed  above,  extensive  disturbances  where 
seed  and  soil  resources  have  been  lost  from  a  site  and  where  active  erosion  is  occurring  will 
require  significant  resources  to  reclaim.  Perhaps  just  controlling  erosion  from  such  a  site  would 
be  all  that  would  be  practical.  Limited  resources  could  be  used  on  other  larger  areas  to  ensure 
they  did  not  degrade  to  Phase  V  of  the  conceptual  model. 

Project  objectives  and  goals  are  usually  measured  in  terms  of  vegetative  cover,  density  (number 
of  plants  established  per  unit  area),  species  diversity,  or  all  of  the  above.  These  characteristics  of 
the  vegetation  are  used  to  measure  success  and  determine  costs  and,  therefore,  must  be  realistic; 
otherwise,  success  may  be  unattainable.  Interim  goals  and  standards  are  often  desirable  to  ensure 
that  the  process  is  on  track  and  will  eventually  reach  the  long-term  goal. 

Selecting  an  undisturbed  area  adjacent  to  the  disturbance  to  use  as  a  reference  area  or  as  the 
objective  of  the  reclamation  efforts  is  often  a  good  strategy.  One  could  also  use  LCTA  data  if 
sampling  transects  are  nearby  and  representative  of  the  site  conditions.  Even  with  the  best 
reclamation  practices,  it  may  take  several  to  many  years  for  some  sites  to  recover  to  levels 
comparable  to  the  reference  area.  While  recovery  in  deserts  is  slow,  it  is  important  to  ensure  that 
the  basic  elements  are  in  place  to  reach  the  desired  goal.  For  example,  cover  and  size  of  plants 
may  not  be  equivalent  to  the  reference  area  one  to  three  years  after  reclamation  but  plant  density 
and  diversity  should  be.  Cover  and  size  will  generally  increase  with  time  but  density  and 
diversity  often  decrease.  This  will  be  discussed  further  in  Section  4.0,  “Monitoring  and 
Remediation.” 


2.3  CONSTRAINTS  AND  LIMITATIONS 

There  are  often  many  limitations  that  exist  on  active  training  ranges  that  do  not  exist  at  other 
locations.  One  of  the  most  important  limitations  is  access  to  the  range  at  the  proper  time  for 
reclamation  activities.  For  example,  at  Fort  Irwin,  range  access  is  generally  restricted  for  three 
of  every  four  weeks  due  to  active  training  and  live-fire  activities.  It  is  often  very  difficult  to 
accomplish  all  that  is  needed  in  that  very  limited  timeframe.  When  this  is  combined  with  narrow 
timeframes  for  a  technique  such  as  seeding,  which  may  only  be  suitable  for  a  60-day  period  each 
year,  one  may  only  have  an  opportunity  to  seed  two  weeks  during  a  year.  Thus  coordination  and 
proper  staffing  for  those  periods  becomes  extremely  important. 

On  most  DoD  sites,  there  are  areas  where  unexploded  ordnance  (UXO)  become  a  serious 
constraint  particularly  when  soil  disturbance  is  anticipated.  Areas  have  to  be  cleared  prior  to  any 
reclamation  activities  and  this  has  to  be  coordinated  well  in  advance. 

Similarly  there  are  archeological  and  environmental  interests  that  must  be  considered  that  can 
constrain  when  activities  occur.  Often,  archeological  or  biological  surveys  have  to  be  done  prior 
to  any  surface  disturbance  to  identify  and  avoid  any  sensitive  areas  or  threatened  or  endangered 
species. 
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2.4  SUBCONTRACTING 


Many  DoD  facilities  do  not  have  the  equipment,  staff,  or  expertise  to  implement  a  reclamation 
plan.  Contracting  the  actual  reclamation  work  with  an  experienced  reclamation  company 
provides  a  good  alternative  to  accomplish  the  work.  It  is  very  important  to  select  a  reliable 
company  that  has  demonstrated  experience  in  the  reclamation  of  arid  lands.  There  are  many 
reliable  companies  that  do  this  type  of  work  particularly  for  state  transportation  departments  or 
mining  operations.  The  reclamation  plan  becomes  extremely  critical  if  the  work  is  going  to  be 
subcontracted  because  it  can  be  used  to  form  the  basis  of  the  contract.  It  is  important  that  the 
subcontractor  understands  all  of  the  constraints  and  limitations  of  working  on  your  site  so  that 
they  can  provide  the  proper  staffing  and  equipment  to  accomplish  the  work  in  a  limited  period  of 
time. 


2.5  SCHEDULING  CONSIDERATIONS 

A  reclamation  project  can  be  very  complex  and  could  actually  begin  years  before  the  actual 
seeding  or  planting  of  the  site  is  conducted.  Because  of  this,  it  is  extremely  important  that  a 
schedule  be  developed  to  ensure  that  activities  be  conducted  at  the  appropriate  time.  This  is 
particularly  critical  for  seeding  when  there  may  be  a  very  narrow  period  where  conditions  are 
right  for  success  (this  is  further  discussed  in  Section  3.4,  “Seeding”).  Providing  proper  plant 
materials  to  a  site  may  require  two  years  advanced  planning  to  obtain  plants  that  are  the  right 
species,  ecotype,  and  size,  and  are  hardened  properly  for  your  area.  Seed  of  many  native  species 
are  not  available  every  year  because  they  are  collected  from  wild  stands  rather  than  field-grown 
as  are  agricultural  crops  or  landscape  plants.  Thus,  in  dry  years  there  may  be  no  seed  produced 
or  harvested,  so  scheduling  to  acquire  seeds  early  is  very  important. 

In  addition  to  issues  of  obtaining  plant  or  seed  materials,  it  is  important  to  schedule  the 
reclamation  activities  with  other  ongoing  activities  on  the  site.  Most  sites  will  be  actively 
training  and  reclamation  work  will  have  to  be  scheduled  during  the  breaks  in  that  training  or 
when  activities  are  compatible.  Some  aspects  of  the  reclamation  project  could  be  accomplished 
early,  such  as  site  preparation,  leaving  as  much  time  as  possible  to  accomplish  those  tasks  that 
have  to  be  done  in  a  very  narrow  time  frame. 

Timing  is  critical  for  both  transplanting  and  seeding.  Transplanting  should  take  place  when  soil 
moisture  is  high  and  plant  metabolism  is  low.  For  the  Great  Basin  Desert,  that  may  be  in  the  fall 
before  the  winter  snows  or  in  the  spring  after  the  snows  have  melted  and  plants  are  still 
somewhat  dormant.  For  the  Mojave  Desert,  it  could  be  from  late  fall  to  early  spring.  Seeding 
must  precede  the  period  of  reliable  moisture  so  that  there  will  be  adequate  water  available  for 
germination  and  early  plant  growth.  Seeding  also  must  coincide  with  a  period  of  suitable 
growing  temperatures.  Summer  precipitation  may  be  adequate  for  growth,  but  temperatures  are 
high  and  soils  dry  out  quickly  making  seedling  germination  and  establishment  improbable.  In 
the  Great  Basin  and  Mojave  Deserts,  the  best  period  for  seeding  native  plant  species  is  in  the  late 
winter  or  early  spring  (December  -  March).  In  the  Sonoran  Desert  where  late  summer  rains  are 
more  consistent,  late  summer  and  early  fall  are  suitable  times  for  seeding.  The  schedules  for 
revegetation  should  be  closely  coordinated  with  other  entities  so  that  biological  timelines  are  not 
compromised  in  favor  of  fiscal  timelines. 
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2.6  FIELD  SITE  ASSESSMENT 


One  of  the  most  important  tasks  that  is  needed  to  develop  a  suitable  reclamation  plan  is  a  field 
visit  to  the  site  to  conduct  an  assessment  of  the  environmental  parameters  and  conditions  of  the 
site,  and  select  a  suitable  reference  area  to  assist  in  determining  the  reclamation  objectives. 

Table  2-1  shows  a  typical  assessment  sheet  and  examples  of  data  that  should  be  collected.  Three 
areas  of  information  need  to  be  collected:  (a)  physical  conditions  such  as  total  area,  slope, 
aspect,  precipitation,  soil  types,  soil  depths;  (b)  biological  conditions  such  as  plant  species 
composition  including  gathering  data  from  a  reference  area;  and  (c)  other  aspects  that  could 
create  problems  during  reclamation  efforts  such  as  erosion  potential,  weeds  or  invasive  species, 
and  grazing  by  cattle,  rabbits,  or  rodents. 

An  assessment  of  adjacent  undisturbed  areas  can  provide  valuable  information  (i.e.,  site 
potential,  vegetation  associations,  drainage  patterns,  plant  spacing)  to  be  used  to  define  goals  or 
standards  for  revegetation  success,  and  to  develop  a  specific  reclamation  strategy.  Photographs 
of  the  disturbed  site  and  the  reference  site  are  also  valuable  for  later  comparisons  and 
documentation.  A  video  camera  that  records  visual  and  auditory  field  notes  may  also  be  used  for 
documenting  site  conditions. 

2.7  SITE  PREPARATION 

The  effort  expended  and  the  equipment  required  for  site  preparation  varies  depending  on  the 
nature  of  the  project,  remoteness  of  the  site,  slope  steepness,  and  soil  texture.  Site  preparation 
may  occur  during  any  land  disturbance,  as  a  project  is  completed,  or  when  the  site  is  abandoned 
or  decommissioned  and  the  land  is  to  be  returned  to  its  original  use.  Prior  to  a  disturbance,  site 
preparation  may  consist  of  vegetation  salvaging  or  removal  and  topsoil  salvaging  and  storage. 
Salvage  of  topsoil  takes  advantage  of  the  existing  seed  bank  and  microbiota  of  the  recovered  soil 
and  has  been  used  effectively  to  jump  start  revegetation  (Winkel  et  al.,  1999).  Site  preparation 
may  include  reestablishing  natural  drainage  patterns,  alleviating  soil  compaction,  replacing 
salvaged  topsoil,  preparing  the  seedbed,  and  constructing  erosion  control  structures  (see  Schaller 
and  Sutton,  1978,  and  Brown  et  al.,  1986  for  comprehensive  reviews  of  site  preparation 
practices). 

A  characteristic  of  sites  on  active  training  ranges  is  that  the  soils  are  often  highly  compacted. 
Compacted  soils  may  not  allow  water  to  infiltrate  but  runs  off  causing  soil  erosion.  Relieving 
compaction  through  ripping  or  other  soil-loosening  techniques  is  often  required  to  allow  water 
infiltration.  Some  porous  soils  (e.g.,  sand)  may  allow  water  to  move  too  quickly  through  the  soil 
profile  and  soil  amendments  (e.g.,  organic  matter)  may  be  needed  to  increase  water-holding 
capacity. 


2.8  SPECIES  SELECTION 

One  of  the  most  important  aspects  of  the  revegetation  effort  is  the  selection  of  plant  species. 
Native  species  are  often  required  because  they  are  either  adapted  to  the  site  conditions,  or  they 
are  adapted  to  disturbances  and  perform  well  during  the  first  few  years  (Wallace  et  al.,  1980; 
Bainbridge  et  al.,  1998).  Past  performance  of  particular  plant  species  in  similar  conditions  and 


12 


Table  2.1.  Example  of  a  fleld  visit  planning  sheet 


Date: _ Site: _  GPS:  Northing 

Observer: _  Location: _  Easting:  _ 


Fertility  N/P/K 

Salinity 

Texture 

Plant  Material  Salvage 

Vegetation  Native  Vegetation  Type: 


Dominant  Species  Relative  Abundance 


Water  Erosion  Potential 


Remarks: 


availability  of  seed  or  plant  material  should  be  primary  considerations  when  developing  a  species 
list  for  the  reclamation  plan.  The  source  of  the  seed  or  plant  materials  should  be  as  close  as 
possible  geographically  to  the  area  being  revegetated  or,  as  a  minimum,  originate  from  similar 
environmental  conditions  (e.g.,  soils,  elevation,  slope,  and  climate).  National  and  local  databases 
with  characteristics  of  species  performance  (i.e.,  transplant  mortality,  ease  of  germination,  and 
availability  of  seed)  can  be  valuable  resources  to  identify  species  adapted  to  a  particular  site 
(U.S.  Department  of  Agriculture  [USDA]  2002;  http//plants.usda.gov).  Information  from  these 
databases  and  from  the  site  assessment  helps  determine  the  species  to  use  and  quantity  of  seed  or 
transplants  of  each  species. 

2.9  TECHNIQUE  SELECTION 

Many  factors  determine  which  reclamation  techniques  will  be  the  most  cost-effective 
(i.e.,  lowest  cost  for  each  established  plant).  Two  broad  approaches  to  revegetation  in  arid 
environments  are  seeding  and  transplanting.  Seeding  has  a  much  lower  initial  expense  and, 
where  it  can  provide  reliable  results  such  as  in  the  Intermountain  Desert,  is  the  preferred 
approach.  Seeding  is  less  reliable  when  climatic  conditions,  particularly  rainfall,  are  variable 
such  as  are  experienced  in  the  Mojave  Desert.  An  alternative  to  seeding  is  the  use  of  transplants. 
Transplanting  avoids  the  initial  seed  germination  and  seedling  survival  periods,  which  often 
prove  to  be  fatal;  however,  upfront  (i.e.,  growing  and  planting)  costs  are  higher.  Transplants 
may  require  supplemental  irrigation  particularly  in  areas  with  less  than  200  millimeters  (mm) 

(7.9  inches  [in])  of  rainfall  and  high  temperatures.  Irrigation  techniques  (i.e.,  catchments,  pitting, 
berms,  deep  watering)  that  direct  water  to  individual  plants  greatly  decrease  the  amount  of 
supplemental  water  needed  to  establish  transplants.  Whether  to  seed  or  use  transplants  is 
determined  by  the  amount  of  natural  precipitation,  its  reliability,  the  harshness  of  the  site,  the 
need  to  establish  a  quick  cover,  the  need  to  establish  woody  species,  the  steepness  of  the  side 
slopes,  its  priority,  and  the  visibility  of  the  site. 

The  selection  of  appropriate  conservation  and  water  management  treatments  is  also  an  important 
part  of  the  reclamation  plan.  Factors  that  are  usually  considered  include  irrigation,  mulching, 
fertilization,  soil  amendments,  and  fencing.  If  it  is  imperative  that  a  vegetative  cover  be 
established  on  the  site  as  quickly  as  possible,  supplemental  irrigation  may  be  appropriate. 
Irrigating  to  supplement  natural  precipitation  should  be  limited  both  in  time  and  volume  to 
(a)  avoid  major  diebacks  when  the  irrigation  is  stopped,  (b)  minimize  the  potential  for  increased 
salts  at  soil  surface,  and  (c)  keep  costs  low.  Fertilization  also  may  be  necessary  if  soils  are 
impoverished  and  plant  responses  to  fertilizer  are  favorable.  Care  must  be  taken  because 
fertilization,  particularly  fertilizers  high  in  nitrogen,  tends  to  encourage  weedy  invasive  species 
that  compete  with  desirable  species.  In  the  arid  southwest,  protection  from  wind  and  water 
erosion  to  protect  fragile  soils  and  young  seedlings  is  often  a  necessity.  It  is  commonly 
accomplished  with  organic  mulches  (e.g.,  straw)  that  add  organic  matter  to  the  soil,  lower  surface 
temperatures,  retain  moisture,  and  shield  young  seedlings  from  the  effects  of  wind  and  water 
erosion.  Some  sites  may  need  protection  from  herbivores.  This  need  will  be  determined  during 
the  site  assessment  by  evaluating  the  impact  of  herbivores  on  the  existing  vegetation. 
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2.10  MONITORING 


The  two  major  components  of  monitoring  are  onsite  inspections  and  the  evaluation  of  the 
revegetation  success.  Onsite  inspections  are  particularly  critical  where  erosion  is  a  problem. 
Onsite  visits  after  the  first  major  rainstorms  need  to  be  specified  in  the  plan.  This  helps 
determine  if  erosion  control  treatments  (e.g.,  water  bars  and  contour  trenches)  function  as 
designed.  The  objectives  are  to  evaluate  the  success  of  these  techniques  early  on  and  identify 
problem  areas  in  order  to  avoid  major  problems  later.  Adverse  conditions  at  these  problem  areas 
would  then  be  corrected  as  specified  in  the  remediation  section  (see  Section  2.1 1, 
“Remediation”). 

Species  performance  during  the  first  six  months  and  periodically  over  the  next  five  years  will 
indicate  whether  remedial  measures  are  needed  to  achieve  the  goals  established  for  the  site. 

Once  plants  mature  and  become  established,  plant  cover  and  density  should  be  compared  with 
adjacent  undisturbed  areas  or  standards  previously  established.  If  the  objectives  for  the  site  are 
met,  monitoring  may  be  suspended  or  scheduled  at  longer  intervals.  Monitoring  of  restoration 
projects  identifies  those  treatments  or  techniques  that  contribute  to  the  long-term  success  of  the 
revegetation  effort.  Once  identified,  these  treatments  and  techniques  can  be  refined  and 
incorporated  into  future  revegetation  plans,  leading  to  greater  success  and  lower  costs. 

2.11  REMEDIATION 

If  plant  densities  are  low  after  the  first  six  months  reseeding  or  planting  may  be  appropriate.  If 
plant  densities  decline  or  plant  cover  is  low  after  three  to  five  years,  other  remedial  actions 
(i.e.,  supplemental  water,  fertilization,  etc.)  may  be  employed  to  increase  plant  growth,  plant 
vigor,  or  seed  set.  Usually,  within  five  years,  natural  drainage  patterns  are  evident  and  some 
recontouring  or  other  remediation  work  may  be  necessary.  This  is  probably  the  most  overlooked 
aspect  of  the  reclamation  plan,  but  it  is  very  important  for  the  long-term  stability  of  sites  and  to 
ensure  that  long-term  objectives  are  met.  Sufficient  resources  for  adequate  remediation  should 
be  included  in  the  reclamation  plan  to  ensure  success. 
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3.0  RECLAMATION  TECHNIQUES 


3.1  EROSION  CONTROL 

Natural  erosion  is  a  process  that  has  always  acted  on  the  landscape.  Accelerated  erosion  is 
caused  by  man-made  disturbances  to  the  landscape  that  disrupt  the  equilibrium  resulting  from  the 
interactions  among  climate,  slope  geomorphology,  substrate  properties,  and  vegetation 
(Munshower,  1994).  The  two  main  types  of  erosion  are  wind  and  water. 

3.1.1  Objectives 

One  of  the  primary  considerations  in  land  reclamation  is  erosion  control.  The  objectives  of 
erosion  control  are  to:  (a)  minimize  the  loss  of  soil  resources  due  to  water  and  wind;  (b)  be 
compliant  with  existing  regulations  (e.g..  Clean  Water  Act,  Clean  Air  Act);  (c)  create  a  safer, 
healthier  environment;  and  (d)  reduce  costs  of  damage  caused  by  erosion  (e.g.,  road 
maintenance,  vehicle  repairs). 

It  is  important  to  recognize  that  the  top  layers  of  soil  are  the  first  to  be  eroded.  Loss  of  these 
surface  layers  can  be  critical  because  they  contain  most  of  the  organic  matter,  nutrients,  seed 
bank,  and  micro-  and  macroorganisms.  They  also  usually  have  more  favorable  physical 
(e.g.,  soil  structure,  infiltration  rate)  and  chemical  (e.g.,  pH,  mineral  concentrations)  properties 
for  plant  growth  (Munshower,  1994).  Once  these  layers  are  lost,  it  is  difficult  and  costly  to 
replace  them  and  in  many  cases  impossible  to  do  so. 

Staying  in  compliance  with  regulations  can  be  critical  to  keeping  a  project  in  operation. 

Excessive  fines  may  be  assessed  and  the  project  completely  shut  down  for  noncompliance.  In 
addition,  the  stakeholders  and  general  public’s  perception  of  the  project  and  the  reputation  of  the 
installation  or  land  manager  should  be  considered. 

Good  erosion  control  practices  make  for  a  safer,  healthier  environment.  Minimizing  the  amount 
of  dust  in  the  air  maintains  good  visibility,  which  can  reduce  the  number  of  accidents,  injuries, 
and  fatalities  that  can  be  caused  by  poor  visibility  conditions.  Many  people  also  suffer  from 
respiratory  diseases  that  become  exacerbated  when  air  quality  is  poor. 

Good  erosion  control  practices  can  also  reduce  operating  costs.  Some  examples  of  damage 
caused  by  poor  erosion  control  practices  include  damage  to  vehicles  caused  by  rough  roads 
resulting  from  improperly  built  roads  that  allowed  water  to  run  down  or  across  the  road  instead 
of  off  or  away  from  the  road,  windshield  pitting  and  paint  damage  caused  by  severe  dust  storms 
(e.g.,  brown-out  conditions),  engine  damage  caused  by  clogged  air  filters,  and  the  costs 
associated  with  accidents  (e.g.,  lost  work  productivity,  insurance  claims,  legal  fees,  etc.). 
Furthermore,  poor  erosion  control  practices  can  lead  to  increased  road  maintenance  and  greater 
wear  on  vehicles  (e.g.,  suspension  parts,  friction  on  bearings),  which  increases  operating  costs. 
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3.U  Princlptdfi 


Whul  liw&ionl  be  e  «FkKJ-V  probkin  in  iU-iti  feji»ri!i  (Ftg^tns  ^-1  ^  Wind  can  pi-Hiciitially 
n:mflv'e  jtich?  sediment  than  rainfall  (IntematuiinaJ  Liiresinfi  Coftlrei  AsoeioEiun  jlECAJ.  1^92). 
LKk  ofvegeiative  covw,  Icwr  Mi]  moisciite,  liijih  wiiwJ  velceitki,  and  expowd  soil  itiaicrial  nm 
the  surface  all  add  Id  tbc  wind  crDsinn  hazard  (Verma  and  'thunieis  tVT'h). 


l'■iK^l^e5-l,  WhwJ  (hmIwi  im  denaJnl  *  r«s  in  I  he  M<ijihvt  l>cM!n. 


Tic  basic  mcchatiismR  for  sod  niovcntcnt  duic  to  wand  arc  airbeme  suspenisiDri,  saLlallun,  and. 
surface  creep,  fnrlicies  with  diamett^  anuiikr  thinn  mlercaiielitrs  l|pih)  enii  be  su!:ipeni:k:d  III 
air  wIkh  tlie)^  become  dislodged  from  the  surface.  PartlclcR  of  this  size  have  downward 
^^elocUieii  kss  ihaii  the  velociiles  uf  itte  wind.,  thii^  they  can  be  Ciitried  for  ^at  dislances. 
Saltation  involves  soil  paitieles  with  diankcters  raitging  frorn  |H>  to  1  .CWQ  pn.  When  a  sdlE 
particle  Impacts  the  sod  surface.  Il  may  bounce  tntn  the  air  or  distud|!.e  DlhcT  purticles  inlu  the  air 
As  (he  fxutieles  rise,  ihe^  are  moved  downwind.  Since  (he  particle-s  arc  too  large  to  remaiLa 
suapended..  they  fall  buck  to  the  aurtuce  where  liit;y  ■mpiu.l  the  surLAce  soil  purticleS  afg^in.  if 
entuigh  particles  btjcnjme  suspended,  it  CSin  result  in  t  severe  dual  sionn  that  can  redtrea  visihllity, 
nianiagc  vchielcs^  and  create  unsafe  driving  and  wnrking  cendilkina. 

Blowing  sSffid  panicles  can  also  cause  merfiunical  datnage  to  ho4h  yi>arig  aitd  niatuje  estabEtshed 
plants,  'lire  s^llalion  process  continties  as  long  as  tho  wind  speed  is  suffrelcntEj^  high.  This 
process  generuLty  reptesenLs  the  grezlest  moventenl  of  soil  by  wind.  Parhcks  with  diameters 
greater  ihap  hOOfl  pm  arc  too  heavy  to  become  sirbonH:  luwcvcr,  they  move  aJong  the  surface 
through  a  process  known  as  surfuoc  creep.  Purllclcs  moving  by  fraibltiOn  may  have  SUfTcienl 
energj'  to  move  mnch  heavier  panicles  sometimes  hundred!:  of  tinrc-R  heavier,  the  net  rosuk  of 


n 


Ihf  cuntinuaL  bucnbiirdment  lti6  SurriH.'V  by  ialCillin^  pdiiJCles  is.  !i  slow  E^t^'afd  croop  of 
hp^vi^  particles  thp  gmuiid  {FnCh  andl  TLirfcn  5iand  pfiFtic-Lcs  muy  Lhen.  aucumjIaCf  in 

aiwll  (luiHft  anHind  ve^etuciuii  (r'iguDe  3-2]^  buryiiag  young  pl^tts  and  damagiEtg  the  stems 

miHlure  pl^ts. 


Figurr  3-Z-  Wtkcl  erasloa  £td|M  xahl  tuaurcH  Tntat  tlif:  xurfau  aid  deposits  IheiB  around 
rrgetation.  biTyingsTnil)  plHrts.  (PimiiimHit  Training  Center  in  Fun  In*  ho,  CnlfFirnln.) 


There  have  been  numerous  SlMtlies  eotsdlstred  do  nu^dol  enisiofi  and  dtsciribc  factena  impacting 
err>aion  and^  thu.1,  prcdbcl  soil  cmaian  ftoni  wind.  Smtlb  et  al.  (19£-2]l  pnsetiL  a  sdrnmiily 
15  wind  erosioji  models.  These  trwdels  va/^  in  tlieir  complcsrly  and  ab-iliij'  to  predict  mwioti 
unckf  various  eniidLlLons!.  One  of  the-  mchSt  coniinonly  umed  wind  iHOfilinn  nvodels  was  devuioped 
by  researchere  with  llitt:  USDA  Soil  Conservation  SerViUe,  prtsesilSy  (Itf  National  Res<JUrce3 
ConscTVflfion  Jicrvwsc  fWRC’S)  {Wocidruffct  al-,  l^72>.  'Hk-  Wind  EroBinn  LquaEion  i  W EQ),  is 
expressed  SiS  E  — where: 

E  =  ihc  average  anntial  soil  in  tonv'acra/year 
I  -  soil  emdibiJily  Index  in  TorLS/acre^year 
K  =  surtfiea  twugliness 

C  =  climalic  fautnr  {wind  veloeily  and  .surfiiec  soli  moisture^ 

L  =  utislieltered  field  tc^glii  nieasufed  along  the  direction  of  the  prevailing  wind 
V  =  vegetative  cover 
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This  equation  identifies  the  five  major  factors  influencing  wind  erosion.  Soil  erodibility  by 
wind  is  a  function  of  the  amount  of  erodible  fines  (i.e.,  silt,  clay)  in  the  soil.  The  largest  soil 
aggregate  size  that  is  normally  considered  to  be  erodible  is  approximately  0.84  mm  (0.03  in) 
diameter.  Thus,  the  soil  erodibility  factor,  can  be  determined  experimentally  by  standard  dry- 
sieving  techniques,  although  the  reliability  of  such  estimates  may  not  be  accurate  under  all 
conditions  (Black  and  Chanasyk,  1989).  Numerical  values  can  also  be  found  in  data  tables  from 
the  United  States  Department  of  Agriculture  (USDA)  Natural  Resource  and  Conservation 
Service  (NRCS), 

Surface  roughness  refers  to  the  micro-topography  of  the  surface.  A  rough  irregular  surface  is 
less  prone  to  wind  erosion  than  a  smooth,  compacted  surface. 

The  climatic  factors  of  wind  velocity  and  surface  soil  moisture  affect  wind  erosion.  The  higher 
the  wind  velocity  the  higher  the  erosion  potential.  Certain  regions  are  prone  to  high  winds  which 
increase  the  potential  for  wind  erosion  (Figure  3-2).  Wind  direction  should  also  be  taken  into 
account  because,  although  soil  can  blow  in  all  directions,  the  majority  of  sedimentation  occurs  in 
the  direction  of  the  prevailing  wind.  Moist  soils  have  a  lower  erosion  potential  than  dry  soils 
because  the  moisture  acts  to  bind  soil  particles  together  and  makes  them  heavier.  Furthermore, 
when  soils  with  fines  (i.e.,  silt,  clay)  in  the  surface  layers  get  wet  and  then  dry,  a  crust  forms 
sometimes  called  a  raindrop  crust.  This  crust  can  also  help  reduce  wind  erosion.  Unsheltered 
field  length  refers  to  the  length  of  unprotected  bare  soil  that  is  exposed  to  the  wind.  The  longer 
the  field  length  the  higher  the  potential  for  wind  erosion. 

Vegetative  cover  is  very  important  because  there  is  an  inverse  relationship  between  percent 
vegetative  cover  and  wind  erosion  potential.  Vegetation  acts  as  a  barrier  to  trap  wind-blown  soil 
particles  and  dissipate  the  wind’s  energy,  thus  disrupting  the  saltation  process.  A  new  technique 
for  measuring  perennial  plant  cover  using  aerial  photographs  has  been  developed  by  Hansen  and 
Ostler  (2002). 

The  U.S.  Army  uses  a  modified  WEQ  to  predict  wind  erosion  losses  on  lands  it  manages.  The 
five  factors  are  the  same,  but  they  are  measured  differently  with  specific  application  to 
U.S.  Army  training  activities.  Data  from  the  modified  WEQ  are  used  in  the  ATT ACC  system  to 
establish  current  and  predict  future  land  condition  thresholds  (Cochran  and  Anderson,  2000). 
ATT ACC  is  a  methodology  and  integrated  decision  support  system  for  estimating  the  operations 
and  support  costs  of  using  land  at  Army  installations  for  training  purposes.  The  ATTACC 
methodology  includes  specific  processes  and  algorithms  to  predict  land  rehabilitation  and 
maintenance  requirements  based  on  training  load  and  environmental  conditions  (U.S.  Army 
Environmental  Center,  1999a). 

A  new  computer-based  system,  the  Wind  Erosion  Prediction  System  (WEPS),  is  being  developed 
to  replace  WEQ  as  a  prediction  tool  to  assess  soil  loss  by  wind  from  agricultural  fields  and  to 
provide  new  capabilities  such  as  assessing  plant  damage,  calculating  suspension  loss,  and 
estimating  PM-10  emissions  from  the  field  (Wagner,  1996).  Unlike  WEQ,  which  is  an  empirical 
equation,  WEPS  is  a  process-based,  daily  time-step,  computer  model  that  predicts  soil  erosion 
via  simulation  of  the  fundamental  processes  controlling  wind  erosion. 
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Many  studies  have  alsn  been  Donduelicd  lu  uioJel  erusiun  b)-  waCer^  particularly  OP. 

«o«.iliiijds  (WiiKhiHeier  isnd  I97»t  Will  tarns,  [975,  |9Sl  Johnsejn,  1  Hawfrm?,  I9B5). 
Perhaps  the  nsnst  widely  accepted  nHidel  (atthnu^  il  has  been  widely  crLlici^dl  for  |>redicEin^ 
soil  by  wMer  is  the  Uiiiveml  S^>il  UjSS  pHlUStHitl  (Wisehmeier  i»nd  Smith,  197S).  A  Ravis€d 
Universal  Snj|  [..qss  Hc|Lial.ion  {RU5IE.H)  (Kcnard  et  d.,  has  alsu  been  developed,  but  Ls 
intended  to  predict  soil  lotfses  frtHn  rjpgeland^  fathtir  llun  s^ieulhiral  tajKis.  RUSI.E  is 
expressed  as  A  =  where: 

A  - ikniiual  .soil  Ici^s 
R  =  arosivily  efftie  climate  at  a  pariiculai  [ocaftinn 
ti  “  soil  crodLbility  fiiclor 
L  =  slope  length  fector 
S  ~  slope  steepness  fnolor 
C  =  coveMiiarwi^iiienl  fadcir 
P  =  supportmg  practices  faEnur 

Cliinale  \&  a  pritiiajy  componeiil  of  (he  erosion  process.  It  is  important  lo  know  not  only  the  total 
annual  amnunl  of  prec  ipitatiim  a  site  receives  but  abu  the  disttibutiLm  aihl  forth  of  that 
precipitation  throughout  the  year.  For  iiistaiwe,  many  otheiwtse  very  arid  areas  arc  pinanc  to 
severe  thundcrstnrms  a(  eeriain  times  of  ifie  year.  E'bese  Rtomis  can  dnopa  significanl  aiuOunt  of 
rairtfall  in  a  short  period  of  time  eausirtg  e^ttcnsive  erosion  (Figure  i-'i-}. 
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Some  areas,  particularly  at  more  northerly  latitudes  and  higher  elevations,  may  receive 
precipitation  in  the  form  of  snow  that  persists  for  a  period  of  time.  As  the  snow  melts,  some  of 
the  water  infiltrates  into  the  soil  and  the  rest  runs  off  in  stream  channels.  These  streams  may  be 
ephemeral  or  perennial  and  can  carry  large  amounts  of  sediment. 

Different  soil  types  have  different  erodibility  characteristics.  Erodibility  is  a  measure  of  the 
soil’s  susceptibility  to  detachment  and  transport  by  water  or  wind  (Lai  and  Elliot,  1994).  It  is  a 
function  of  soil  texture,  organic  matter  content,  soil  structure,  and  permeability  (lECA,  1992). 
Sandy  soils  have  higher  infiltration  rates  and,  therefore,  lower  runoff  rates  and  are  more  easily 
detached,  but  less  easily  transported  (due  to  large  particle  size)  than  silt  soils.  Clay  soils  are  not 
easily  detached  because  of  strong  cohesion  among  particles,  but  infiltration  rates  are  low  which 
may  lead  to  a  greater  runoff  and  increased  erosion.  Silt  soils  tend  to  have  the  greatest  erodibility 
because  particles  are  easily  detached  (lack  of  cohesion)  and  transported  (Lai  and  Elliot,  1994). 

Topography  of  a  site  and  surrounding  areas  is  another  primary  component  of  the  erosion  process. 
Topography  includes  the  length,  slope  (ratio  of  horizontal  distance  to  vertical  rise;  expressed  as  a 
ratio,  percentage  or  degree),  and  shape  of  the  landform.  Topography  determines  the  path  water 
will  travel  and  how  much  energy  it  will  carry.  Water  miming  off  of  steeper  slopes  will  have  a  lot 
more  energy  than  water  miming  off  gentle  slopes  of  the  same  length.  The  shape  is  important 
because  convex  slopes  magnify  slope  base  erosion  while  concave  slopes  reduce  base  erosion 
(lECA,  1992).  Water  follows  the  path  of  least  resistance.  Therefore,  one  can  predict  with  some 
degree  of  certainty  the  path  of  travel  for  water  flowing  off  or  through  a  site.  Particular  attention 
should  be  paid  to  the  location  of  natural  drainage  ways  on  both  the  project  site  and  the 
surrounding  area.  These  drainage  ways  should  be  left  intact  where  possible  to  allow  mnoff  to 
follow  its  natural  course  or  modified  so  that  water  is  diverted  onto  the  site  in  a  non-erosive  way. 

It  is  also  important  to  know  the  position  of  a  site  with  respect  to  the  watershed  it  is  located  within 
(i.e.,  how  much  area  sheds  water  onto  the  site). 

Cover  management  (i.e.,  manipulation  of  plant  cover,  mulching,  tilling,  and  rock  armoring)  is  the 
single  factor  most  easily  changed,  represents  the  effect  of  land  use  on  erosion,  and  describes  the 
effects  of  differences  between  vegetation  communities,  tillage  systems,  and  the  addition  of 
mulches  (Renard  et  ah,  1997).  The  rate  of  erosion  is  directly  proportional  to  the  amount  of 
permanent  or  temporary  cover.  The  function  of  cover  is  to  reduce  the  rainfall  impact,  reduce 
surface  water  velocities,  increase  infiltration,  trap  sediment,  retain  soil  particles,  and  promote 
permanent  vegetation  establishment  (lECA,  1992).  Numerical  determinations  for  cover  can  be 
found  in  USDA-NRCS  publications.  Also,  a  new  technique  for  measuring  perennial  plant  cover 
using  aerial  photographs  has  been  developed  by  Hansen  and  Ostler  (2002).  Supporting  or 
conservation  practices  typically  affect  erosion  by  redirecting  runoff  around  the  slope  so  that  it 
has  less  erosivity  or  slowing  down  the  runoff  to  cause  sedimentation  (Renard  et  ah,  1997). 
Conservation  practices  and  their  cost-effectiveness  are  tracked  closely  in  the  ATTACC  system. 

The  U.S.  Army  uses  a  modified  RUSLE  to  predict  water  erosion  losses  on  lands  it  manages.  The 
six  factors  are  the  same,  but  they  are  measured  differently  with  specific  application  to  U.S.  Army 
training  activities.  As  with  wind  erosion,  data  from  the  modified  RUSLE  is  used  in  the 
ATTACC  system  to  establish  current  and  predict  future  land  condition  thresholds. 
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The  main  principles  of  erosion  control  are:  (a)  understand  the  erosion  process  and  the  factors 
contributing  to  erosion,  (b)  dissipate  the  energy  of  wind  and  flowing  water,  (c)  control  where  the 
water  flows,  (d)  reduce  saltation,  (e)  control  sediment  transport  and  deposition,  (f)  protect  soil 
resources  (e.g.,  organic  matter,  nutrients,  seed  bank,  fine  soil  particles,  etc.)  to  promote 
vegetation  establishment  and  growth,  and  (g)  protect  plants  from  mechanical  damage 
(e.g.,  sandblasting  stems). 

Understanding  the  factors  that  influence  erosion,  the  principles  of  erosion  control,  knowing  how 
soil  particles  move,  and  the  particular  site  conditions  will  influence  the  selection  of  control 
techniques  that  should  be  implemented  at  a  site.  For  example,  because  wind  erosion  of  sand  is 
proportional  to  the  cube  of  the  wind  velocity,  cutting  the  wind  speed  in  half  will  reduce  the  sand 
movement  to  one-eighth  the  original  amount. 

Two  excellent  references  on  erosion  control  principles  and  techniques  that  include  data  tables  for 
erosion  equation  factors  and  applicability  and  photographs  of  numerous  erosion  control 
techniques  can  be  found  in  Israelsen  et  al.  (1980)  and  Israelsen  et  al.  (1984).  Also,  a  publication 
by  the  U.S.  Army  Environmental  Center  (1999b)  provides  valuable  information  and  a 
dichotomous  key  for  deciding  which  dust  control  measures  to  use.  This  key  was  designed 
primarily  for  a  military  application  but  may  have  broader  applieability  to  other  areas  as  well. 

3.1.3  Techniques 

Many  techniques  are  effective  at  controlling  both  wind  and  water  erosion.  Selection  of  the  most 
appropriate  and  cost-effective  technique  is  based  on  integrating  site-specific  conditions  with 
knowledge  of  the  primary  factors  contributing  to  erosion.  In  the  arid  regions,  erosion  control 
measures  should  be  aimed  at  (a)  slope  and  soil  surface  stability  and  (b)  conservation  of  soil 
moisture  to  facilitate  effective  vegetative  establishment.  Techniques  vary  considerably  in  cost, 
effectiveness,  and  longevity.  No  single  technique  is  suitable  for  all  situations,  and  techniques 
need  to  be  tailored  to  site-specific  conditions. 

The  first  thing  that  should  be  considered  in  selecting  a  suitable  technique  is  to  determine  the 
length  of  time  that  erosion  protection  is  needed.  Temporary  measures  are  appropriate  for  areas 
that  are  still  active  and  are  generally  less  expensive  than  permanent  alternatives.  These 
temporary  techniques  will  not  be  discussed  as  a  separate  group  but  will  be  discussed  within  the 
general  types  of  control  techniques. 

Erosion  control  techniques  can  be  grouped  into  four  main  types:  physical,  chemical,  cultural, 
and  biological.  Within  each  group  are  techniques  that  have  varying  effectiveness,  longevity,  and 
cost.  These  techniques  will  be  described  within  each  group  and  general  comparisons  will  be 
made  concerning  their  relative  effectiveness.  Selecting  an  appropriate  erosion  control  technique 
is  based  on:  (a)  the  goal  of  the  erosion  control  efforts  (i.e.,  short-term  stabilization  or  long-term 
stabilization),  (b)  the  effectiveness  of  the  technique  for  particular  site  conditions,  (c)  the 
availability  and  cost  of  materials,  and  (d)  the  cost  of  transportation  and  application  of  the 
material. 
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3. 1.3.1  Physical  Techniques 

Physical  techniques  create  a  physical  change  to  the  surface  that  reduces  erosion  by  dissipating  or 
absorbing  the  energy  of  wind  and  flowing  water,  controlling  where  the  water  flows,  and 
controlling  sediment  transport  and  deposition.  Four  different  techniques  will  be  discussed  that 
fall  within  the  physical  group:  (a)  windbreaks,  (b)  structures  and  surface  manipulations, 

(c)  substrate  armoring,  and  (d)  mulching. 

3. 1.3. 1.1  Windbreaks 

Vegetation  (e.g.,  shelterbelts,  hedgerows,  trees),  windscreens,  and  fences  have  been  used 
effectively  as  windbreaks  for  many  years.  The  majority  of  the  research  done  on  these  physical 
barriers  has  been  in  association  with  snow  management  and  agricultural  production  using 
biological  windbreaks.  The  physics  associated  with  wind  reduction,  deposition  patterns,  and 
effective  distances  of  barriers  are  very  similar  regardless  of  whether  soil  or  snow  is  being 
trapped.  The  barriers  function  to  reduce  the  wind  speed  thus  decreasing  the  energy  available  to 
transport  soil  or  snow  particles.  As  the  energy  decreases,  sediment  is  deposited  near  the  base  of 
the  fence.  In  large,  very  heavily  disturbed  areas  prone  to  high  winds,  several  centimeters  (cm)  of 
fine  blow  sand  can  accumulate  around  establishing  plants  (refer  back  to  Figure  3-2)  or  stubble 
mulch,  essentially  burying  them,  and  blowing  sand  can  also  mechanically  damage  stems  and  kill 
plants.  When  attempting  to  establish  a  vegetative  cover  in  areas  prone  to  high  winds,  it  is 
recommended  that  windbreaks  be  used  to  protect  the  establishing  plants. 

Shelterbelts  and  hedgerows  have  limited  application  in  arid  areas  but  have  been  used  around 
contonement  areas  to  shelter  permanent  dining  and  residential  areas.  Elmore  and  Hartley 
(1985a)  tested  several  types  of  windscreens  and  fences  and  provide  results  of  durability  and  costs 
of  various  types  of  screens  and  fences.  They  found  that  the  DuPont  Canada  L-300  windscreen 
with  5  centimeters  (2  in)  mesh  to  be  the  most  durable  of  the  eight  types  tested.  The  cheapest  was 
Canadian-style  wood-slat  snow  fences.  Windscreens  generally  have  an  effective  protective 
distance  equal  to  30  times  the  height  of  the  barrier  for  snow  (Raine  and  Stevenson,  1977;  Native 
Plants,  Inc.  [NPI]  Reclamation  Services,  1985a)  and  less  for  soil  particles.  There  are  many 
factors  that  influence  the  effectiveness  of  windscreens  including  porosity,  type  of  material  used 
for  construction,  placement,  etc.  These  factors  must  be  understood  and  considered  in  designing 
an  effective  system  of  controlling  erosion.  Windbreaks  should  be  placed  so  that  they  are 
perpendicular  to  the  prevailing  wind  direction. 

Establishing  vegetative  windbreaks  is  challenging  in  arid  areas  and  may  take  a  while  to  establish. 
Supplemental  watering  is  usually  required  as  well.  The  primary  disadvantage  of  the  windscreens 
is  the  initial  cost  (Elmore  and  Hartley,  1985a).  They  do  not  supply  a  long-term  solution  to 
stabilization  since  moderate  upkeep  would  be  required  to  maintain  the  windscreens.  They  can  be 
used  effectively  in  combination  with  vegetative  treatments  and  provide  the  short-term 
stabilization  necessary  for  establishing  vegetation. 

3.1. 3.1. 2  Structures  and  Surface  Manipulations 

There  are  numerous  types  of  structures  and  surface  manipulations  that  can  be  used  for  erosion 
control.  Contour  trenching  is  a  common  practice  of  erosion  protection  of  disturbed  lands  from 
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high-intensity  precipitation.  Trenches  are  constructed  with  the  blade  of  a  bulldozer,  usually  with 
two  to  four  passes,  along  the  contour  at  periodic  intervals  on  a  slope.  The  interval  is  determined 
by  the  slope  and  substrate  and  should  be  short  enough  so  that  the  volume  and  energy  of  runoff 
between  trenches  up-slope  do  not  wash  out  the  trenches  below.  Long  slopes  may  require 
interceptor  ditches  to  divert  water  off  the  exposed  slope  and  energy-dissipating  drop  structures  to 
ensure  that  water  does  not  build  up  within  the  trenches;  then  breach  the  trench  washing  out 
down-slope  structures. 

Baffles  or  dams  may  be  constructed  regularly  along  the  length  of  the  trench  to  prevent  too  much 
water  from  pooling  up  and  rupturing  the  trench.  The  trenches  are  usually  seeded  after 
construction  to  help  stabilize  the  trenches  and  provide  cover.  The  trenches  act  as  catchments  for 
moisture  and  prevent  the  water  from  running  down  the  slope,  which  in  turn  reduces  the 
formation  or  enlargement  of  existing  gullies.  Contour  trenching  is  usually  done  only  on 
moderate-to-steep  slopes  where  the  potential  for  excessive  erosion  occurs.  This  technique  is 
costly  and  substantially  modifies  the  landscape.  The  use  of  contour  trenches  in  the  United  States 
has  been  reviewed  comprehensively  by  Upadhyay  (1977). 

Contour  furrowing  is  similar  to  trenching  but  the  furrows  are  substantially  smaller  than  trenches, 
closer  together,  and  only  control  moderate  amounts  of  runoff.  Typically,  they  are  constructed  on 
more  gentle  slopes  than  trenches.  Heavy  equipment,  usually  a  bulldozer  or  specially  designed 
furrower,  is  used  to  construct  furrows.  For  further  information  on  contour  trenching  and 
furrowing,  see  Vallentine  (1989). 

In  addition  to  contour  trenching  and  furrowing,  other  techniques  such  as  pitting,  imprinting, 
gouging,  or  dozer  basins  have  been  used  to  control  both  wind  and  water  erosion  and  encourage 
vegetation  establishment  (Figure  3-4).  These  techniques  result  in  small  basins,  pits,  or  other 
indentations  that  act  to  roughen  the  surface  and  collect  water  in  the  bottom  of  the  indentations, 
which  aids  in  vegetation  establishment.  Special  equipment  (e.g.,  modified  disk  plow,  rotary 
drum  pitter,  subsoiler,  and  imprinter)  pulled  by  tractors  or  bulldozers  are  used  to  create  the  pits. 
Large  basins,  several  meters  wide  and  15  to  61  cm  (6  to  24  in)  deep,  can  be  pressed  into  soft  soil 
with  a  blister  press,  created  with  a  bulldozer  blade,  or  scalped  out  with  a  rear-mounted  basin 
blade  (Vallentine,  1989).  Dollhopf  et  al.  (1985)  have  shown  that  large  dozer  basins 
(approximately  8  meters  [m]  by  6  m  by  1  m  deep)  (26  feet  [ft]  by  20  ft  by  3  ft)  were  more 
effective  at  controlling  erosion  than  smaller  gouges  (40  cm  by  60  cm  by  15  cm  deep)  (1 .3  ft  by 
1.97  ft  by  0.49  ft).  The  larger  basins  reduced  runoff  by  75  percent  and  erosion  by  92  percent 
while  the  smaller  gouges  reduced  runoff  by  18  percent  and  erosion  by  50  percent. 

Clary  (1989)  reported  that  soil  losses  from  high  winds  on  an  area  receiving  land  imprinting  were 
one  half  that  of  a  similar  area  that  was  drill-seeded.  The  majority  of  the  soil  loss  occurred  in  the 
first  year  prior  to  vegetation  establishment.  Other  researchers  have  demonstrated  similar 
improvements  in  moisture  retention,  erosion  control,  and  improved  vegetation  establishment 
from  land  imprinting.  These  techniques  are  usually  only  used  on  flat-to-gently  sloping  terrain. 

The  disadvantages  to  these  techniques  are  they  can  be  expensive  to  implement  and  the  smaller 
basins  may  fill  in  after  a  few  years. 
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luaJn  b>  ntch  ruiHiir  fran  rmdm)'  and  upolopc  La  Fori  Irwin,  CsUrD-rnia. 


DLversiun  sUucluncsi  and  barricra  che(;k  dunts^  dik«ii,  water  bani,  and  Siraw  bales)  OUI  be 
usexl  Tor  runofT  spreading  and  rdcntboiv.  Their  purpevse  in  intcTcepn  surface  runalTond  (ILvcct  il 
in  a  conlrolicd  dLncctinn  al  a  non-emsive  velocity  (Verraa  and  Thames.  I9'78).  Part  of  [his 
process  includes  ehaiineling  l3>e  vrtier  in  iJie  proper  direction-  This  c*n  he  cknncwith  ditches^ 
culverts,  and  pipiLS.  JL  Ls  imponanl  la  rnnember  thuE  [lowing  water  has.  a  lo!  ofciiergy^  especially 
cm  moderate-lo-ateep  slopes  Or  even  on  IcHig  gently  sloping,  slopes.  Allow  injg  the  -Uiialfir  to  flow- 
in  nicanders,.  opposed  to  gualght  channeis,  can  dissipate  much  of  ihis  ertergy.  Waler  diverskm 
bars  are  Lyplvaliy  made  in  rouds  lo  divert  fhe  water  f'ronn  iIimt  roed  into  adjacKint  aretrs.  I^edimmt 
basins  i:a.n  also  he  constructed  to  aferw  down  the  rurvolT  and  alJow  the  sediment  Co  be  cteposited  in 
(he  basin,  'fractors  or  other  heavy  equipment  are  gtmerally  ret^dijed  to  COflStriiCC  and  maintain 
diver£!ioti  structures. 

Wallies,  oylimlrtcaJ  slr'aw  bales  encased  in  plastic  netting.  Can  be  placed  in  &.inait  washes  To  slow 
down  Uie  runolT  and  c!itch  the  sediment,  and  arc  tisuallj'  anchnred  with  rebaj  or  long  siaples. 
:8liiiw  bales,  sandbags,  and  udver  maleriuls  can  be  placed  in  Small  clliUtneis  to  divetn  runotf. 
Proper  anchoring  tecliitikjties  should  bs  used  to  attach  These  -mafterials  to  line  suhstratc.  Old  tires 
wired  tngclhcr  have  been  used  to  create  ciYetdive  '“gully  plugs'”  Lhat  trap  sedimenl.  and  ]:ed.tJtCe  tluc 
energy  of  flowing  wiiier.  Design  and  fteld  layout  of  diversion  structures  rorcrcsion  conirul 
should  tw  properly  engjnccrod  and  incorporated  mtc  the  reclamation  plan,  'i'hese  stnictures  ctm 
be  cosily  lo  build  and  require  sume  mainienUhee  (o  keep  them  jjt  proper  wotltitl^  order. 
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Substrate  armorirfl 

Substraie  armoring  involtve^  the  applkiltipn  ufa  rwk,  or  gi^vcl  mafcrial  over  iht  soil  iubHtratc 
(HLgure  3-5}.  The  gravel  or  rut^k.  ubsotb  ihc  energy  &f  [he  ^bid  or  'fc'aier  [Uld:  pfU'^edt  the  soil 
p«irrivbe$  frOrn  Hji:%|c>dgeJ  or  djgplqci^,  thos  contn.>Lhng  civviion.  The  ^avcl  also  acts  as 

mulch  tQ  rclair  S4jil  moi.'^Lufr.  la  aJso  modtrales  soil  IcmpemlureE. 


f-iRM  rc-.VS.  KimapCe  of  jp'iii.'el  jn-ianriii'K  ^^-5  cbi  in  Jimdttti'J  lixi!<i  to  eontrol  ^roilon. 


Graver  is  l^picialiy  used  on  Ital-EO-^CTitly  sloping  terrain,  and  controls  both  wind  and  'Healer 
erosion,  "nias  techniqirf:  siniu  Isles  the  rlSIufally  ihSUttiBg  “deseil  pflvement”  I^OiJIKl  in  mflil>‘  arid 
land^,  ntiody  conducted  b^'  IlG&iL.T/Fncrg^y  Mcasurcmenls  (LCpi&G/UM)  determined  that  a 
3.5-cm  (I -in)  layer  of  gjnvel  significantly  reduced  the  sediment  yield  fn-Vti  ^jiid  etosion 
compfired  to  a  cyjilrol  {EGAC/EM^  unpublished  data),  Ancvfl^er  stiidy  by  showed 

that  plant  cmergcnire  wa.s  grater  tinder  a  2.:S-E:m  (  l^in)  layer  ofgFitveE  to  a  ^-etn  (2'jnl 

Isyer  H>f  gravel  (EjG&CVEM»  unpubliitbed  daU).  The  U,S.  Bureau  oF  Mints  conducted  a 
smaEI-scalc  study  cvn  die  effectiveness  of  a.  ditn  covering  of  gravel  to  stmuLale  ckseti  paveitiedt 
([>eaii  el  a!,.,  J9S6},  Three  stftBofgraveU'l.S-l.^cm,  l.9-2.5cm,  ancl2.5-?.S  cmjt(.l.5N)J5  in^ 
n.75-1  .dfi  in,  and  I.CKi-1.50  in}  were  applied  to  I  m  by  I  m  (3.3  1\  by  3.3  fi:}  pLols  along  with 
control  plots  receiving  no  gravel  Cover.  The  gravel  was  Applied  sach  that  60  percent  of  the  soil 
.surtace  vtpu.s  covered.  They  nepnrt  that  ”...  sard  bdown  hoin  die  ouKkair  teal  plots  over  a 


1-1/2  year  period  was  recovered  and  weighed.  All  three  sizes  of  aggregate  reduced  blowing  sand 
to  a  small  fraction  of  that  from  the  comparable  uncovered  plots.”  They  also  recommend  that 
more  work  needs  to  be  done  to  assess  the  effects  of  the  degree  of  cover  and  size  range  of 
aggregate  at  different  wind  speeds.  Good  emergence  from  several  species  was  also  obtained 
under  a  2.5-cm  (1-in)  layer  of  gravel  (1-cm  [0.5-in]  diameter)  with  60-70  percent  cover 
(BN,  unpublished  data).  Heavy  equipment  is  most  often  used  to  apply  and  spread  the  gravel. 

This  technique  is  very  effective  but  is  costly  to  implement. 

Washbanks  and  other  waterways  subject  to  excessive  erosion  should  be  protected.  The  most 
common  way  to  do  this  is  to  line  the  substrate  with  rocks  or  other  material.  Loose  rock  is  called 
riprap.  Gabions  are  frequently  used  to  armor  washbanks  and  consist  of  rocks  placed  in  wire 
mesh  cages  that  are  emplaced  in  the  washbank.  Drop  structures  are  used  below  falling  water  to 
dissipate  the  energy  of  the  falling  water.  They  are  usually  made  of  rocks,  similar  to  riprap, 
cement,  or  asphalt.  These  techniques  are  labor-intensive  and  usually  require  the  use  of  heavy 
equipment  to  distribute  the  loose  rock  or  maneuver  the  gabions. 

3. 1.3. 1.4  Mufching 

Mulches  can  be  either  organic  or  inorganic.  Organic  mulches  are  usually  an  agricultural  crop 
residue  or  industrial  by-product  (Kay,  1978).  The  most  common  organic  mulches  used  in  the 
western  United  States  include  straw,  hay,  and  wood  residues.  Some  common  inorganic  mulches 
include  rock,  soil  and  shredded  plastic.  Mulches  protect  the  soil  against  raindrop  impacts, 
intercept  surface  runoff,  protect  the  seed,  reduce  temperature  fluctuations,  and  reduce 
evaporation  (Verma  and  Thames,  1978).  For  more  detailed  information  about  mulches,  see 
Section  3.7,  “Mulching.” 

Erosion  control  blankets  or  mats  are  a  type  of  surface  mulch  that  are  used  primarily  to  control 
erosion  on  steep  slopes  (Martin,  1986)  and  rocky  soils.  Mats  are  constructed  of  straw,  or  other 
organic  material,  woven  together  or  held  in  place  by  some  woven  material  (e.g.,  plastic  netting). 
Seeds  can  be  placed  under  the  mat  or  impregnated  into  the  organic  material.  The  weave  is  loose 
enough  to  allow  seedlings  to  root  into  the  ground  and  grow  through  the  woven  material.  Mats 
must  be  anchored  to  the  substrate,  usually  with  large  staples  or  rocks,  and  the  edges  buried  to 
prevent  wind  from  lifting  the  mat  off  the  surface.  Mats  are  expensive  but  effective,  and,  in  some 
areas  with  steep,  erodible  slopes,  the  only  realistic  alternative  (Munshower,  1994). 

3.1. 3.2  Chemical  Techniques 

Chemical  control  involves  the  application  of  a  reagent  with  the  soil  to  form  a  wind  and  water 
resistant  crust  on  the  soil  surface.  Most  commonly,  they  are  mixed  with  water  and  applied  with  a 
hydromulcher  or  sprayer  (Figure  3-6).  Chemicals  are  commonly  used  as  treatments  for  dust 
control  on  mine  roads  and  tailings  to  control  surface  erosion  (Parks  and  Rosene,  1971; 

Yardley  et  al.,  1980;  Havens  and  Dean,  1969;  Veel  and  Carr,  1980).  They  have  also  been  used 
rather  commonly  to  control  wind  and  water  erosion  on  sites  unsuitable  for  plant  growth  because 
of  harsh  climatic  or  toxic  soil  conditions  (Dean  et  al.,  1986).  Bolander  and  Yamada  (1999) 
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Fi(JiT  3-4.  Ap|)jyiii4;  tliriDWiil  s«il  HliibiliHr  with  «  Eiy(tn.miili:h«r. 


g^tod  feferenee  docdinenl  on  dust  cpnfiol  aelcptwn  snd  applicgiion  for  unpav«l  roads. 

SiEabilizcrs  an;  vcPii'  cffocLivt;  al  disrupcinj'  ihc  liiiLliilion  We  have  seen  ‘^Dus4  devits^'' 

(r«vel  IhroMgh  m  LuKsh^tvill^Ed  and  esjcmwlly  sinp  ft-hen  they  readicid  a  stabilized  area. 

'['Here  art;  inany  dilforcni  types  of  c  he  mi  cats  that  can  be  used,  lu  cJTet;tive’]y  iSlAbilize  soil.  The 
choker  uf  n  part  ictdar  them  icaj  is  dependent  on;  (a)  Ute  ehanKteri.slies  of  the  soil  (e.g.,  tcaiurc. 
pH},  {b)  cun^itt  use  uf  the  to  hr  ^^hiltzcd,  (c}  ihr  end  use  tiflhc  area  lu  be  stabilized, 

(d)  ruEnpalibility  of  the  e}t.eiriLt:a3  with  ot]ier  etvsion  conrrol  and  neclajnaeioh  techn  iques 
(r.g..,  vegrtatiou  es'taUidiciieRt},  and  (^r}  loraJ  ciunatii;  ^lH:tDfs  i,th^iLLiaiiisem  el  a].,  I  98.2).  There 
are  RLuncftnis  pniduots  available  Lhat  have  been  dJtown  to  be  efT^ive  nnd«r  various  condltjnn^. 
In  inking  the  ^Ipcticm  that  is  nnost  suilahlr  for  a  particular  area,  nne  needs  in  ^'aluale  lixisls, 
availabdEty,  upplipatioii  nieth.cd&4  duraiiuit  o^elTePtive  coitcrol,  Mid  the  intended  osc  of  the  area 
following  slsbiliT^ailon . 

One  df  [he  idiLunwchitigt  or  ehetnkdl  ^lahil Lists  that  fonn  crusts  is  th^it  they  !trc  vulnerable  to 
physical  disruptton.s  ^iuch  as  vehicle  travel  nr  even  animals  vs'alkin^  on  Ihr  surface,  Ehc 

crust  is  broken,  it  can  be  rapidly  undercut  Iriiding  to  tlic  loSS.  uf  sUffuce  SUhillty.  Waiet-$eluhbe 
chemicals  that  penetrate  lUtthcr  into  the  soil  may  tw  moir  suitable  forarca.s  that  witt  rpocive 
mair  surlaee  disturbaiice. 

Chemical  slahi  I  bars  generally  fail  into  seven  categojics;  {a)  hygroscopic  sdts, 

(b)i  IjgTiafiultbiiatcs,  (c)  asphalt  cntulsions.,  {d}  pctmleum  ircsiiia,  (e)  eJaslrrnerre  polymers., 

(E)  lorfeihic  tackifiers,  and  {g>  wawr-soluble  sytirtietic  polymer  soil  conditioners.  Rates 
mentioned  arc  only  sup^^csted  rates  from  the  litcraluic  and  vury  by  p™luet.  Therefore,  it  is 
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recommended  that  product  labels  or  vendors  be  consulted  for  specific  rates.  Other  product  types 
and  formulations  are  available  and  may  be  equally  cost-effective;  however,  they  are  not  as 
commonly  used  and  not  thoroughly  tested  and  will  not  be  discussed  here. 


3. 1.3. 2.1  Hygroscopic  Salt  Solutions 

Hygroscopic  salt  solutions  absorb  moisture  from  the  air  and,  thus,  increase  moisture  content  of 
the  soil.  The  most  commonly  used  hygroscopic  salts  are  magnesium  chloride  (MgCl2)  and 
calcium  chloride  (CaCH).  These  salts  are  commonly  used  in  the  mining  industry  for  dust  control 
purposes  on  roads.  They  are  usually  applied  in  a  liquid  concentrate  form  with  approximately 
30  percent  solids  (Bohn  and  Johnson,  1983).  Careful  consideration  of  how  these  salts  will  affect 
the  soil  in  providing  a  suitable  media  for  plant  emergence  and  establishment  must  be  given 
before  using  these  salts. 


3.1. 3.2.2  Lignosulfonates 

Lignosulfonates  are  by-products  of  the  sulfite  pulping  process.  They  have  been  extensively  used 
throughout  the  mining  industry  for  dust  control  on  roads.  Lignosulfonates  are  a  solution  of 
lignin  and  sugars,  which  are  water-soluble.  They  are  usually  diluted  with  water  to  4: 1  to  12: 1  for 
application  generally  with  a  sprayer.  They  are  inexpensive  and  form  a  wind-resistant  crust; 
however,  because  they  are  water  soluble  they  tend  to  leach  down  and  away  from  the  surface  in 
wetter  climates.  The  U.S.  Bureau  of  Mines  tested  three  specific  types  of  lignosulfonates, 
calcium,  sodium  and  ammonium  lignosulfonates,  and  found  that  they  were  effective  stabilizers  at 
rates  of  2,690  kilograms  per  hectare  (kg/ha)  (2,400  pounds  [lb]/acre).  They  also  tested 
20  different  types  of  chemical  stabilizers  and  found  that  a  calcium  lignosulfonate,  Norlig  A,  was 
the  only  chemical  that  was  effective  on  both  acid  and  carbonate  tailings  (Havens  and 
Dean,  1969). 


3.1. 3.2.3  Asphalt  Emulsions 

Asphalt  emulsions  are  commonly  used  in  the  mining  industry  and  provide  a  good  wind-resistant 
layer  for  erosion  control.  Experimentation  with  asphalt-based  products  has  occurred  since  the 
1950s.  These  substances  consist  almost  entirely  of  carbon  and  hydrogen  with  very  little  oxygen, 
nitrogen,  or  sulfur.  Like  lignosulfonates,  asphalt  emulsions  can  be  diluted  with  water  so  they  can 
be  shipped  as  a  concentrate  and  diluted  prior  to  application.  When  diluted  with  solvents,  they  are 
commonly  referred  to  as  cutback  asphalt. 


3. 1.3. 2.4  Petroleum  Resins 

Petroleum  resins  are  generally  prepared  from  waste  products  of  refinery  operations.  These  are 
usually  emulsions,  which  are  40-60  percent  solids  and  shipped  as  concentrates.  They  are  diluted 
with  water  at  rates  ranging  from  4:1  to  15:1  for  application.  Petroleum  by-products  have  been 
widely  used  for  dust  control  and  have  been  shown  to  be  effective  stabilizers  and  often  very 
compatible  with  biological  stabilization  techniques  (Dean  et  al.,  1969,  1974).  The  U.S.  Bureau 
of  Mines  tested  a  resinous  adhesive,  Coherex®,  for  its  effectiveness  for  wind  and  water  erosion 
protection.  They  found  that  it  created  a  good  wind-resistant  surface  at  minimal  cost;  however, 
good  resistance  to  water  erosion  was  not  achieved  until  application  rates  and  costs  were 
significantly  increased  (Dean  et  al.,  1974).  EG&G/EM  also  tested  Coherex®  and  found  it  to  be 
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effective  at  controlling  wind  erosion,  persisted  a  long  time,  was  compatible  with  seedling 
emergence,  and  withstood  some  trafficking  but  it  was  expensive,  not  aesthetieally  pleasing,  and 
difficult  to  clean  application  equipment  (EG&G/EM,  unpublished  data). 


3.1. 3.2.5  Elastomeric  Polymers 

Elastomeric  polymers  are  an  emulsion  of  rubber  or  plastic-type  materials  which  bind  the  surface 
soil  materials  together  to  form  a  crust  or  protective  coating  of  the  soil  surface.  Latex  usually 
binds  together  the  surface  particles,  while  plastic  polymers  form  a  film  over  the  soil  surface. 
These  products  represent  the  largest  number  of  commercially  available  chemical  stabilizers.  The 
products  are  generally  shipped  as  concentrates  and  diluted  with  water  at  rates  of  6:1  to  99:1. 
Usually,  a  curing  period  is  needed  to  form  the  film  or  crust.  The  U.S.  Bureau  of  Mines  tested 
three  types  of  elastomeric  polymers  and  found  that  they  were  exceptionally  effective  at 
controlling  wind  and  water  erosion  on  sandy  tailings  and  produced  satisfactory  results  on  both 
acidic  and  alkaline  tailings  (Dean  et  ah,  1974).  EG&G/EM  tested  four  copolymers  including 
Agri-Lock®,  Chem-Loc®,  Poly-Tac®,  and  Soil  Master®  (EG&G/EM,  unpublished  data).  All 
were  effective  at  controlling  wind  erosion,  compatible  with  seedling  emergence,  and  relatively 
inexpensive,  but  only  had  moderate  longevity.  Poly-Tac®  and  Soil  Master®  had  the  poorest 
longevity  rating. 


3.1. 3.2.6  Organic  Tackifiers 

Organic  tackifiers  are  made  from  plant  extracts  and  bind  soil  particles  together  to  form  a  crust  or 
film  on  the  soil  surface.  Some  examples  include:  Terrabind®,  M-Binder®,  Hydro-Stik®, 
Sentinel®,  J-Tac®,  Guar®,  and  Alpha  Plantago®.  Organic  tackifiers  can  also  be  used  in 
combination  with  different  types  of  mulch  to  adhere  the  mulch  to  the  soil  surface.  These 
tackifiers  usually  come  in  dry  powder  or  liquid  form,  are  usually  diluted  with  water  in  varying 
ratios,  and  applied  with  a  hydromulcher.  Some  products  can  be  applied  in  dry  powder  form  as 
well  as  diluted  with  water.  These  products  are  relatively  inexpensive  and  environmentally  safe. 

3.1 .3.2.7  Water-Soluble  Synthetic  Polymer  Soil  Conditioners 

Water-soluble  synthetic  polymer  soil  conditioners  are  complex  chemical  compounds  that  are 
used  as  soil  conditioners  to  stop  erosion  and  water  runoff,  increase  water  infiltration  into  soils 
containing  clay,  and  prevent  soil  crusting  (Weeks  and  Colter,  1952;  Wallace  and  Wallace,  1986, 
1989).  They  interact  with  the  soil  to  stabilize  the  structure  of  the  surface  and  form  water-stable 
aggregates.  The  polymers  can  be  applied  to  damp  or  dry  soil  in  the  dry  state  with  a  broadcast, 
drill,  or  aerial  seeder.  In  one  study,  rates  of  5.6-16.8  kg/ha  (5.0-15.0  Ib/acre)  reduced  erosion  90 
to  100  percent.  They  can  also  be  applied  in  solution  with  a  hydromulcher  or  through  an 
irrigation  system  at  a  rate  of  1  to  500  milligrams/liter  (1-500  parts  per  million)  (Wallace  and 
Wallace,  1989).  These  products  are  relatively  inexpensive  and  environmentally  safe. 

The  U.S.  Bureau  of  Mines  has  provided  some  of  the  most  extensive  research  on  chemical 
stabilizers.  The  U.S.  Bureau  of  Mines  tested  several  samples  of  acidic,  neutral,  and  basic  mill 
tailings  of  varying  salt  content,  which  were  segregated  into  sand,  slime,  and  combined  fractions 
to  evaluate  the  effectiveness  of  various  chemical  stabilizers  (Dean  et  al.,  1974).  Seventy 
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chemicals  were  tested  and  the  best  conditions  and  effective  rates  of  application  were  determined 
for  the  most  promising  materials.  The  materials  were  evaluated  under  laboratory  conditions. 

The  coherency  of  the  tailings  surfaces  after  treatment  was  determined  by  both  air  and  water 
systems.  A  water  jet  was  used  to  simulate  water  erosion  while  a  wind  tunnel  was  used  to 
simulate  wind  erosion.  The  ten  most  cost-effective  chemicals  were  (a)  Coherex®  (a  resinous 
adhesive);  (b)  Lignosulfonates;  (c)  Compound  SP-400®,  Soil  Card®,  and  DCA-70® 
(elastomeric  polymers);  (d)  cement  and  milk  of  lime;  (e)  Paracol  TC  1842®  (a  resin  emulsion); 
(f)  Pamak  WTP®  (a  wax,  tar,  and  pitch  product);  (g)  Petroset  SB-1  (an  elastomeric  polymer); 

(h)  Potassium  silicate;  (i)  PB-4601®  (a  polymeric  stabilizing  agent);  and  (j)  Rezosol®  (an 
elastomeric  polymer).  Armbrust  and  Dickerson  (1971)  determined  Coherex®,  DCA-70®, 
Petroset  SB®,  Polyco  2460®,  Polyco  2605®,  and  SBR  Latex  S-2105®  to  be  the  best  of 
34  commercially  available  products  tested  for  temporary  wind  erosion  control.  Plass  (1973)  also 
reported  the  effectiveness  of  soil  stabilizers  for  erosion  control. 

Many  chemical  stabilizers  are  effective  at  controlling  erosion  for  a  period  of  three  to  six  months. 
There  are  several  that  have  exhibited  adequate  surface  protection  up  to  one  year  and  one 
chemical  stabilizer.  Soil  Seal  (a  latex  acrylic  copolymer),  was  shown  to  be  effective  at 
controlling  dust  from  a  dried  evaporation  lagoon  at  the  Rocky  Mountain  Arsenal  after 
1 8  months.  In  a  field  test  of  1 7  chemical  stabilizers  applied  along  bench  areas  of  a  uranium  mill 
tailings  in  Wyoming,  several  chemicals,  Wallpol  40-133®  (vinyl  acetate/acrylic),  SP-400® 

(a  latex  emulsion),  and  CPB-12®  (an  acrylic  emulsion),  were  fairly  effective  for  one  year 
(Elmore  and  Hartley,  1985a). 

Climatic  conditions  play  an  important  part  in  the  longevity  of  chemical  stabilizers.  Field  tests 
conducted  on  taconite  tailings  in  Minnesota  showed  an  effective  longevity  of  only  four  months, 
which  was  much  less  than  that  reported  for  the  same  chemicals  in  the  Wyoming  tailings  study 
(Bohn  and  Johnson,  1983).  The  Minnesota  site  received  over  9  cm  (3.5  in)  of  precipitation  per 
month,  which  was  considerably  more  than  the  Wyoming  site  (<2.5  cm  [1  in]).  Other  researchers 
have  noted  similar  loss  of  effectiveness  caused  by  rain  and  water  erosion  (Elmore  and 
Hartley,  1985b). 

In  general,  degradation  can  be  expected  to  accelerate  if  broken  by  traffic.  Also,  chemical 
stabilization  of  sands  is  more  effective  and  has  a  longer  duration  than  stabilization  of  fines.  This 
is  probably  indicative  of  the  better  penetration  of  the  chemicals  into  sandy  soils,  causing  a 
thicker  crust  to  develop. 

Climatic  conditions  and  soil  composition  are  very  different  among  sites.  There  are  also  many 
other  factors,  such  as  improper  storage  or  application,  that  could  influence  the  effectiveness  of 
the  materials  tested  and  provide  contradictory  results.  Certain  chemicals  during  storage  break 
down  or  solidify  under  freezing  temperatures.  Also,  unused  product  may  be  considered  a 
hazardous  waste  so  disposal  requirements  may  be  an  issue.  One  must  be  careful  in  using  results 
and  data  from  other  sites,  without  gaining  an  understanding  of  the  parameters  under  which  the 
material  was  tested.  Site-specific  testing  is  also  encouraged  when  possible. 
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3.1. 3.3  Cultural  Techniques 

Cultural  treatments  refer  to  proper  land  management  practices  such  as  conservation  cropping 
systems,  contour  tillage  (e.g.,  plowing  perpendicular  to  the  slope),  contour  cultivation,  and 
proper  grazing  systems.  Additionally,  strict  control  and  management  of  off-road  driving  can 
substantially  reduce  the  potential  for  erosion.  These  practices  are  generally  used  in  conjunction 
with  the  other  three  erosion  control  techniques  (Verma  and  Thames,  1978).  Proper  grazing 
management  should  focus  on  maintaining  the  integrity  of  the  existing  vegetation  or  enhancing 
the  establishment  of  new  vegetation.  Depending  on  the  site,  one  to  several  years  of  protection 
from  grazing  by  livestock  and  wildlife  may  be  necessary  to  ensure  the  establishment  of  new 
vegetation. 

3.1. 3.4  Biological  Techniques 

While  physical,  chemical,  and  cultural  erosion  control  techniques  are  important,  by  far  the  most 
effective  erosion  control  technique  is  biological.  Establishing  a  permanent,  vegetative  cover  on  a 
site  will  control  erosion  better  and  longer  than  any  other  technique.  Vegetation  protects  the  soil 
from  erosion  mainly  by  intercepting  raindrops  and  absorbing  their  kinetic  energy  before  they  can 
fall  to  the  ground  and  dislodge  soil  particles.  Stocking  (1994)  lists  several  other  interactive 
processes  between  a  plant  and  soil  that  affect  erosion  including  the  following: 

•  The  physical  binding  of  soil  by  plant  stems  and  roots 

•  Electrochemical  and  nutrient  bonding  between  roots  and  soil 

•  Detention  of  runoff  by  plant  stems  and  organic  litter 

•  Improved  infiltration  along  root  ehannels 

•  Greater  incorporation  of  organic  matter  into  the  soil,  resulting  in  better  structural  and  water¬ 
holding  qualities 

•  Increased  faunal  and  biological  activity,  leading  to  better  soil  structure 

Vegetation  also  minimizes  wind  erosion  by  decreasing  wind  velocity  at  the  surface,  thereby 
disrupting  the  saltation  process. 

Establishing  a  permanent,  vegetative  cover  on  a  site  can  be  done  by  seeding,  transplanting, 
stimulating  existing  vegetation,  or  any  combination  of  these  techniques.  These  techniques  are 
described  in  detail  in  later  sections  (see  Sections  3.3,  “Soil  Amendments”;  3.4,  “Seeding”;  and 
3.5,  “Planting”).  It  can  be  difficult  and  expensive  to  establish  a  permanent  vegetative  cover, 
especially  in  arid  areas.  However,  the  alternative  of  leaving  a  site  barren  and  exposed  to  erosion 
forces  makes  the  effort  and  cost  of  revegetation  worth  it. 

3.1.4  Special  Considerations 

In  some  instances,  there  may  be  disturbed  areas,  that  for  whatever  reason  (e.g.,  routinely 
disturbed  or  not  cost-effective  to  mitigate),  do  not  warrant  the  use  of  erosion  control  practices. 
These  areas  are  known  as  sacrifice  areas  and  should  be  fully  utilized.  For  example,  rather  than 
selecting  new  areas  for  encampment  sites  (2.6  square  kilometers  [km^]  [1.0  square  mile]  in  size) 
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each  time,  two  to  three  areas  could  be  selected  for  most  encampments  so  that  new  areas  are  not 
constantly  being  disturbed.  Road  corridors  can  have  side  berms  bladed  or  rough  areas  graded  or 
graveled  to  discourage  the  widening  of  the  corridor  by  drivers  desiring  a  smoother  or  less  dusty 
ride.  Entry  onto  side  roads  that  are  selected  for  closure  can  be  blocked  to  discourage  use. 
Sacrifice  areas  should  be  selected  and  managed  carefully  to  minimize  the  potential  for  erosion. 

3.2  SITE  PREPARATION 

3.2.1  Objectives 

The  objectives  of  site  preparation  are  to:  (a)  minimize  erosion,  (b)  prepare  a  seedbed  suitable  for 
seed  germination,  and  (c)  provide  a  suitable  soil  medium  for  plant  establishment  and  growth. 

3.2.2  Principles 

The  prineiples  of  site  preparation  inelude:  (a)  understanding  proper  erosion  eontrol  prineiples 
and  technique  implementation;  (b)  providing  safe  sites  for  seed;  (c)  reducing  competition;  and 
(d)  providing  proper  soil  aeration,  good  water  infiltration,  and  proper  soil  strueture. 

One  of  the  primary  objectives  of  site  preparation  is  to  minimize  erosion.  Therefore,  a  good 
understanding  of  erosion  control  principles  and  techniques  is  important.  One  of  the  first 
considerations  in  site  preparation  should  be  what  erosion  control  techniques  are  needed  to 
minimize  wind  and  water  erosion  on  the  disturbed  site.  Consideration  should  also  be  given  to 
areas  off  of  the  disturbed  site  and  the  location  of  a  site  in  relationship  to  the  surrounding 
landscape.  For  example,  check  dams  may  need  to  be  constructed  upstream  on  washes  that  cross 
the  site  to  protect  key  features  (e.g.,  roads  and  culverts)  from  being  washed  out.  Failure  to 
consider  and  implement  proper  erosion  control  techniques  can  result  in  severe  erosion  problems 
and  even  revegetation  failure  on  sites  where  a  lot  of  money  has  been  invested  in  the  revegetation 
process.  If  possible,  erosion  control  structures  should  be  constructed  before  revegetation  occurs 
so  the  revegetated  site  does  not  have  to  be  disturbed  and  revegetated  again.  In  addition,  site 
disturbance  during  construction  should  be  minimized  as  much  as  possible. 

Seeds  need  a  suitable  environment  or  safe  site  in  order  to  successfully  germinate  (Figure  3-7). 
Examples  of  safe  sites  include  properly  buried  seed,  seed  in  depressions  that  collect  additional 
moisture  from  runoff,  and  under  or  at  the  base  of  rocks  or  dirt  clods  where  seeds  are  protected 
from  blowing  sand  and  shaded  from  excessive  solar  radiation.  Safe  sites  provide  protection  from 
seed  predators,  mediate  the  thermal  environment,  and  enhance  soil  moisture.  A  rough  seedbed 
with  ridges  and  depressions  is  much  better  than  a  smooth  level  seedbed  because  a  rough  seedbed 
provides  many  more  “safe  sites,”  which  results  in  increased  seed  germination  and  establishment. 
A  rough  seedbed  is  preferred  for  broadcast  seeding  small-seeded  species,  whereas  a  smooth 
seedbed  is  better  for  drill  seeding  large-seeded  species  (Munshower,  1994).  In  most  rangeland 
seedings  in  arid  areas,  a  rough  seedbed  is  best.  Vogel  (1987)  noted  that  on  some  mined  areas 
seeded  vegetation  is  established  in  depressions  left  by  tractor  tires  but  few  plants  are  found 
between  depressions. 


34 


™  iwfwl}'  rr>peel*M  Aiitm.  (Not^  I  he  sate  nUts.  (n  itulclied 
furrows  and  iiucvcn  niitro-1op«c;r«ph¥.> 


Exi^^ting  ve^iatiim  jind  fuliirc  vcg^taliun  (hm  ihe  vKistinj;  hi^nik  On  ii  ooropt^e 

v^'fcthi  ostatjli&hing  swilings  for  eriticaJ  rcsourais  such  35  mmijitunc,  and  nuurkntH. 

V^^lIcnLme  { 1 rcpun^ed  ihuL  a  inajur  of  St^edbvd  pr^ilr^lid4^  is  tO  Of  eliftlil^'e 

nflhc  undjc^irablc  i:xi^ing  vc^cUliiHi  and  reduce  the  seed  supply  otihese  cumpetllLve 
species  in  order  Lo  entumce  [he  cstablishmei]!  uf  Jesirjible  ptunE  species..  Tliis  cdO  bc 
accomplished  (hivugli  mechflnic*!  of  chemical  {i,c-,  berKicidcs)  control  {sec  Sketion  3.&, 

"Gruzin^  jutd  Weed  Control,*^  ^  more  deCuils  un  heHbk'kje  use).  Cu^t^  slH?uld  be  E^en  to 
minim i^.e  diMurlisnce  to  ^tny  enisling  desirahl^^  pl^rs  i>n  die  site  as  these  pLants  will  provide 
hjiujic  seed  sources. 

R;or:i|  gn>Mlh  in  Jtrid  envirsiinments  is  VI^  impiinoriL  neiurt  plants  invest  hcaviJy  in  rcKit  system 
develQpmLml.  1‘hc  inverlmcnt  in  rcsouieca  can  onnsEiEute  over  haJf  of  their  Ea-tid  ncl  pr imaiy 
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to  roots  nu.bstaiitia]Jy  exceeds  that  devoted  to  shoots  (above-ground  parts)  (Caidwcll,  L9^?).  Fhis 
results  in  a  large  rool:slHxd  raLiio,  which  is  intuitive  because  desert  plant  niX4s  iK^  tncre  Spacf  tn 
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disking,  and  mulching  help  to  aemk  the  soil  and  provide  a  suitable  enviromriertl  for  root  growth. 
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Plants  need  water  to  survive.  According  to  Brown  (1995),  “Water  is  the  primary  solvent  within 
which  all  physiological  processes  occur,  and  in  which  gases,  minerals,  and  solutes  enter  into  the 
plant  and  are  translocated. .  .Water  is  essential  for  the  maintenance  of  turgidity  in  plants,  which 
controls  stomatal  opening,  gas  exchange,  cell  enlargement,  and  growth.”  A  plant  gets  most  of  its 
water  from  the  soil  through  its  root  system.  The  soil  on  a  site  needs  to  have  good  water 
infiltration  properties  to  allow  a  vegetative  cover  to  establish  and  persist  on  the  site.  Infiltration 
reduces  soil  erosion  and  provides  water  that  the  roots  can  absorb  as  needed.  Infiltration  also 
decreases  evaporation  of  water  from  the  soil  surface  leaving  more  water  for  plants  to  use. 

Heavily  eompacted  sites  are  not  conducive  to  good  plant  establishment.  Brown  et  al.  (1986) 
state  that  compaction  must  be  alleviated  because  it  reduces  infiltration,  inhibits  the  percolation  of 
water,  prevents  root  penetration,  and  contributes  to  concentrations  of  salts  above  the  compaction 
zone.  Several  studies  have  shown  that  both  tracked  and  wheeled  vehicles  cause  increased  soil 
compaction  (Braunack,  1986;  Barnes  et  al,  1971;  Chancellor,  1976,  Soane  et  al,  1981a,b,  1982; 
Radcliffe  et  al.,  1989;  Gassman  et  al.,  1989).  It  is  important  to  relieve  compaction  not  only  at  the 
surface  (10-15  cm  [4-6  in])  but  also  below  the  surface  (30-91  cm  [1-3  ft])  as  well  to  encourage 
deep  root  penetration,  particularly  in  arid  environments.  Soil  structure  is  also  important  for  seed 
germination  and  establishment.  If  the  surface  is  too  powdery,  it  will  be  susceptible  to  wind 
erosion.  Also,  seeds  can  be  buried  too  deep,  and  fme-textured  soils  can  develop  a  crust  when 
wetted  that  may  prevent  seedling  emergence.  Fine-textured  soils  generally  have  more  structure 
than  coarse-textured  soils.  Soils  should  not  be  worked  (i.e.,  disked,  harrowed,  etc.)  when  they 
are  wet  because  this  tends  to  increase  compaction  and  destroy  soil  structure. 

3.2.3  Techniques 

Techniques  for  erosion  control  have  already  been  discussed  in  Section  3.1,  “Erosion  Control.” 
Some  of  these  (i.e.,  pitting,  imprinting,  and  gouging)  also  enhance  the  seedbed  by  acting  as  water 
catchments  and  creating  safe  sites  for  seeds.  The  following  discussion  will  focus  on  seedbed 
preparation  techniques.  These  techniques  include  ripping,  chiseling,  disking,  harrowing,  and 
slope  chaining.  Ripping,  chiseling,  disking,  and  harrowing  should  always  be  done  on  the  contour 
to  minimize  erosion. 

Ripping  is  the  practice  of  pulling  a  steel  tooth  or  shank  through  the  soil,  subsoil,  or  overburden 
(Munshower,  1 994),  and  is  used  primarily  to  relieve  compaction.  “It  may  also  be  used  on  a  slope 
to  roughen  the  surface  and  destroy  any  slippage  plains  that  might  develop  between  overburden 
and  subsoil  or  between  subsoil  and  surficial  soil  layers.”  (Munshower,  1 994).  The  depth  and 
degree  of  compaction  and  the  soil  type  determine  the  ripping  depth  and  the  type  of  equipment  to 
use.  The  distance  between  ripper  teeth  should  be  approximately  equal  to  the  length  of  the  ripper 
teeth  (USDA  Forest  Service,  1979a).  Soils  with  relatively  high  amounts  of  clay  and  silt  particles 
are  especially  susceptible  to  compaction  (Vogel,  1987).  Compaction  can  also  occur  in  sandy 
soils,  but  is  usually  less  severe  in  these  types  of  soils. 

For  heavy  compaction,  deep  rippers  pulled  by  large  bulldozers  or  road  graders  are  very  effective 
(Figure  3-8),  and  can  rip  to  a  depth  of  about  0.9  m  (3  ft).  Deep  ripping  is  not  advised  where  it 
will  bring  highly  acid  or  alkaline  materials  or  buried  waste  to  the  surface.  Avoid  deep  ripping  on 
slopes  where  rapid  infiltration  of  water  can  create  an  unstable  mass  prone  to  slippage  and 
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Figure  3^.  Rmid  gmdcr  ripping  n  rile  iluririg  xli^  pr«|Kii-dihiii. 


landslidi^s.  SutkM.rikrs  gfc  ^iKrfhcr  tV]V  (iF  i^qui^whMit  that  mav  be  useful  nn  some  sties  that  iUD 
re-LntivcIy  ruck  free.  'ITiey  dilTcr  from  rippers  in  that  they  have  Jeas  uf  a  ljmdcii(t:y  To  bf  ing 
mflierials  to  thi3  surijice  or  inix  soil  himzonH, 

The  Uigesl  subsoilcEs  can  rip  la  a  depth  0^2.7  m  (-9  fr)  buL  shallot  rippiiivg.  (30  fo  45  cm  [1 2  co 
I  S  tnj)  is  more  common.  Subsjiling  shoalci  be  avokkd  whenc  it  will  pciieuatc  into  sandy  or 
other  pervious  Jayens  in  which  waler  labbes  wiJ]  drop  rapiilly  thiriig  djougiiE  (Vujieh 

For  sites  with  light  to  tnoderale  compactiofi  in  the  surface  Lstyers  (top  30  cen  ( 12  in]),  a 
cbisel-lwlh  plow  (l''lgLiR:  3-0)  can  be  used..  Chisel-tooth  plows  htive  Mfvenji  amis  with  ollriiH 
piyirts  and  are  usually  pitlled  behitid  a  farm  iratlcsr.  The  arms  (tperaie  against  a  heavy  spring 
allowinj^  them  lo  ride  over  large  suriace  und  subtrurfaee  rocks.  Chiset  poiilEs  should  be  hrSpecEed 
rcgulajiy  for  wear  and  rcplMcd  as  necessary ,  Heavy  wear  oEcurs  in  rocky  soils,  particularly  in 
sandstone.  C'liiscl-tooth  pJows  leave  a  seedbed  smooth  enough  to  accommodate  drill  seeders 
pulled  by  farm  emetorti,  und  roj^  cnou^  lo  ct^ich  bn>:adcast  seed  and  trap  moisture  and  ninotf 
waJrr.  'Ihey  will  break  compoicted  layers  that  air  cmpcnetrabLe  Eo  disks  but  are  not  cffeclive  tn 
heavily  ci.imp*c(i3J  sorb  (Vogel,  ]9J17>.  "They  ean  alM  be  us«4  lo  incorpotaie  fertiliaw  mio  the 
soil  Hind  kill  shallnw-nxiiEd  weeds  ibal  may  have  become  established  (b^iuEtshower,  1  y^). 

Disking  is  usetl  lo  brciik  op  sttrijiee  enusEingL  brenk  up  dirt  clods,  SEnH.K4h  the  surface,  itvcHlirpOdJICC 
lime  into  Ihc  soil,  and  mis.  organic  foattor  or  an  estahiished  vcgcladve  cover  into  the  soil,  fann 
iruclors  are  generally  used  10  puLE  a  disk  (Plgure  3^k{lX  Ttmtlem  disks  and  offset  disks  mix  the 
soi  l  3ls  opposed  to  Just  inverting  it.  Disking  pnidnccs  ag«.Tod  seedl.H:d.  However.,  a  disked 
seedbed  may  be  more  susceplEbJe  to  erosion  than  a  seedbed  prepared  with  a  chisel-loolh  pbw. 
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liKiire  3-9,  plin*  fii^liiwnl  hy  jt  bamir*  iiAeit  in  rtduM 

cioJHIfidtibDia  aed  tli»  tipper  l&-t5  tn  {4^  ii'|  cfriie  mII. 


fh!«  iv3<]|{l.  0<rtk^  dinli  iKltig  pulled  h^'  tractnr  ta  Krnli  up  riodiL 


Also,  rocky  sites  are  not  very  conducive  to  disking  because  large  rocks  tend  to  raise  the  disk  or 
portions  of  it  out  of  the  soil,  rendering  the  disk  ineffective  (Vogel,  1987).  Disking  is  usually 
limited  to  40  cm  (16  in)  of  penetration,  and  does  not  break  compaction  in  subsurface  materials 
(Brown  et  al.,  1986), 

Harrowing  is  the  final  process  of  seedbed  preparation.  The  purpose  of  harrowing  is  to  break  up 
clods,  smooth  the  surface,  and  close  air  pockets.  Several  types  of  harrows  are  available 
including  the  pipe  harrow,  spring-tooth  harrow,  spike-tooth  harrow,  and  drag  harrow 
(Figure  3-9).  The  pipe  harrow  is  adapted  to  rocky  and  steep  sites  and  scarifies  soil  sufficient  for 
covering  broadcasted  seeds  on  bums,  abandoned  roads,  or  excavation  scars  but  does  not  kill 
large  shrubs  or  sprouting  plants.  It  brings  many  rocks  to  the  surface. 

The  other  three  harrows  are  adapted  for  secondary  tillage,  weed  control,  and  smoothing  the  soil 
surface,  but  are  not  adapted  to  rough,  rocky,  or  bmshy  sites  (Vallentine,  1989).  Harrows  are 
usually  equipped  to  attach  to  disks  or  other  pieces  of  equipment  such  as  disks  and  chisel-tooth 
plows.  This  allows  one  to  rip  or  disk  and  harrow  both  at  the  same  time.  This  practice  reduces 
project  time  and  cost  and  minimizes  the  amount  of  trafficking  over  the  site. 

For  steep  slopes  (greater  than  Shorizontal  [h]:l  vertical  [v])  where  equipment  cannot  be  used 
safely  or  effectively  but  access  above  the  slope  is  possible,  a  technique  called  slope  chaining  can 
be  used  to  prepare  the  seedbed.  The  slope  chain  consists  of  a  length  of  lead  chain  pulled  by  a 
truck  or  tractor  connected  to  various  lengths  of  scarifying  chains  depending  on  the  length  of 
slope,  and  a  slope  wheel  connected  by  swivels.  Pairs  of  1 5-cm  (6-in)  steel  picks  or  other 
scarifying  devices  are  welded  to  the  scarifying  chain  at  right  angles.  The  slope  wheel  has  a 
heavy  227-kilograms  (kg)  (500-pound  [lb])  weight  attached.  The  lead  chain  is  attached  to  a 
truck  or  tractor  operating  on  a  road  or  bench  above  the  slope.  The  chain  is  dragged  across  the 
slope.  Several  passes  are  usually  necessary.  Slope  chaining  is  not  very  effective  on  rocky  or 
compacted  sites  (Hansen  and  McKell,  1991). 

3.2.4  Special  Considerations 

In  many  areas  of  the  arid  western  United  States,  caliche  layers  have  developed  in  the  subsurface 
soil  layers.  Caliche  is  formed  by  calcium  carbonate  precipitating  in  the  lower  soil  horizons 
which  cements  soil  and  rock  particles  together,  thus  forming  a  hardpan  layer  (Schlesinger,  1985). 
The  caliche  layer  may  be  found  at  varying  depths  below  the  surface  within  a  site.  Depending  on 
the  thickness  of  the  caliche  layer,  one  may  or  may  not  be  able  to  break  through  this  layer  with 
standard  site  preparation  techniques.  Rocky  soils  present  similar  challenges  for  site  preparation. 
Adding  topsoil  to  critical  revegetation  areas  may  be  effective  in  creating  a  soil  medium  for  plant 
establishment  and  growth;  however,  in  most  cases,  this  is  probably  not  cost-effective  or  practical. 
Other  techniques,  such  as  the  use  of  chemical  soil  stabilizers  could  be  used  to  control  erosion  on 
these  sites. 

UXO  is  a  big  concern  in  certain  areas,  especially  on  DoD  and  some  DOE  lands.  Proper  UXO 
surveys  should  be  completed  prior  to  any  site  preparation  work  and  personnel  involved  in  site 
preparation  should  be  trained  in  UXO.  Workers  should  be  aware  of  the  potential  for  UXO  even 
in  areas  that  are  not  considered  UXO  areas  (Figure  3-11). 
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f’ll'Hrf  3-1 1.  IT imploded  ordniacc  otiy  ermte  nnifcm  IlHEird^  Ik 

remnvHl  brlore  tiftrlli-tlhs-cu  letlvItLcSj 


[n  addition  to  seitvcji  for  UXO^  il  ly  often  neeeHsai^'  to  survey  ioens  for  any  euHural  or 
arthtjiilogkal  artituefc.  Scuiw  arejB  niay  also  rsH^tiire  surveys  for  hiotogical  rcsciunecH  such  as 
endanjiened  or  sonaitive  Hpecies  prior  tu  any  siirfa):e  dislurfjance. 

In  sortK  eases,  il  ntay  be  neeessttty  to  salvai^c  topsoi  I  fiom  a  site^  store  ihc  lopsotl,  and  liitn 
redistribute  the  topsoil  back,  over  the  site  at  a  later  dale.  TupSoil  ea  a  g/ene^ra]  term  and  .ilpplies 
either  (a>  H>  live  soil  sulfa^;e^  uSuilly  to  Ibe  p]c>w  depth  tie  the  minimum  depth  that  a  scraper 
operator  can  sococssfully  lift  ftnm  the  soil;  or  (b}  lo  ihe  depth  rtf  material  lhal  expresses  ppod 
plant  gruv.th-supptstiirt^  diamclerEScies.  Most  of  dw  orgiaiiic  niattw  and  nuirients,  scflrt  hank,  and 
micro-  and  macroorifanisnu  are  found  in  the  tup  layers  of  soil,  llttse  layers  also  usually  have 
more  favorable  physical  |e.|^..,  toil  sirucliire.  uirilrULion  mte)  lUld  chemioal  («.gM  phln  milKfnl 
lioncentrafions)  properties  for  plant  ^omh  (Munshower.r  TKe  purpase  of  salva^Enj? 
topsoil  is  lo  keep  this  Valuable  resource  fur  use  at  liitardate.  Once  tliese  layers  are  gupc^  it  Is 
dilTtoiilt  fmd  C4^t|y  tu  tepkree  theni  ^nd  iri  rmny  cases  impussihlc  to  do  so. 

Salvaging  lupseil  is  sumetitnus  considered  tt  necessary  ceclainatlon  practice  to  preserve  to|p$oil 
pitiperlieiS.  Ifu'iiveveir,  during  ihe  salvaging  prtsc^i^s,  soill  stnjcrura,  £ri]l  luicroftnra,  plant  niilricnEs, 
and  the  seed  hank  may  he  damaged.  Some  of  this  damage  can  be  minimized.  ihroUgh  proper 
lopsuil  hundliitg  iCiviltan  EUdioflctive  Waste  Managenncnt  Sysiem  (CilWMSj  Management  and 
Operating  |M&0]  O'ontracticir,  2001 ),  Topsoil  handling  lechniqw^t  stockpile  depthn  eroutUn 
prutecliuru  luid  liming  of  Stockpiling  are  impofiani  parameters  in  tnatniatnlng  a  viable  topsoil 
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(Chambers,  1989;  Colorado  Natural  Areas  Program,  1998).  The  fewer  times  the  topsoil  is 
handled  the  better,  both  in  terms  of  cost  and  maintaining  topsoil  integrity.  Hansen  and 
McKell  (1991)  recommend  that  topsoil  be  salvaged  and  stockpiled  when  relatively  dry  to 
minimize  compaction;  however,  some  moisture  may  be  desirable  to  help  maintain  soil  structure 
(Chambers,  1989).  CRWMS  M&O  (2001)  recommend  that  heavy  equipment  not  be  operated  on 
top  of  the  stockpile  while  it  is  being  built,  but  that  the  topsoil  be  dumped  and  pushed  into  place 
to  the  desired  depth  in  order  to  minimize  compaction.  Topsoil  can  be  stockpiled  to  a  depth  of 
2.0  m  (6.6  ft)  with  little  effect  on  soil  viability  (CRWMS  M&O,  1999). 

It  is  important  to  store  the  topsoil  properly  to  maintain  the  viability  of  the  topsoil,  especially  the 
soil  microbes.  Maintenance  of  microbial  populations  (including  mycorrhizal  fungi)  in  stockpiled 
soil  is  influenced  by  the  amoimt  of  organic  material  in  the  soil  (Elkins  et  al.,  1984;  Visser,  1985), 
the  amount  of  water  in  the  soil  (Miller  et  al.,  1985)  and  the  length  of  time  the  soil  is  stockpiled 
(Miller  et  al.,  1985;  Viceroy  Gold  Corporation,  1995).  Vegetation  that  form  mycorrhizal 
relationships  with  beneficial  fungi  can  be  planted  on  the  stockpiled  soil  to  maintain  microbial 
populations  and  organic  matter  U.S.  Department  of  Interior  (USDI  Bureau  of  Land  Management 
[BLM],  1992;  Brown  and  Hallman,  1984;  USDA  Forest  Service,  1979b).  The  vegetation  also 
helps  to  minimize  erosion.  Topsoil  erosion  control  may  also  include  spraying  chemical  soil 
stabilizers  on  the  stockpiles  and  checking  them  periodically  (e.g.,  semiannually)  for  erosion. 
Topsoil  stockpile  location  is  also  important  for  erosion  control.  Stockpiles  should  be  located  on 
level  ground,  if  possible;  not  in  a  drainage  or  wash;  and  up-slope  of  disturbances.  For  many 
sites,  the  most  feasible  way  to  stockpile  topsoil  is  to  use  heavy  equipment  (e.g.,  road  grader, 
bulldozer,  or  front-end  loader)  to  scrape  the  topsoil  into  a  berm  off  to  the  side  of  the  area  to  be 
disturbed.  The  berm  can  then  be  stabilized  for  erosion  control.  This  way,  there  is  no  cost  or 
labor  in  transporting  topsoil  to  a  stockpile  area  and  back  to  the  disturbed  site  during  site 
preparation. 

After  the  disturbance  is  complete  and  the  site  is  ready  for  site  preparation,  the  spoils 
(i.e.,  subsurface  soils  not  conducive  to  good  plant  establishment)  and  topsoil  should  be 
distributed  back  over  the  disturbance.  This  process  is  called  recontouring.  The  topsoil  should  be 
spread  over  the  top  of  the  subsoil,  or  if  needed,  any  additional  fill  material,  to  a  uniform  depth. 
Recontoured  slopes  should  be  no  steeper  than  2h:lv,  because  revegetation  efforts  are  rarely 
satisfactory  on  slopes  steeper  than  this  (USDA  Forest  Service,  1979b).  Slopes  should  be  3h:lv 
or  less  if  equipment  will  access  the  site  (USDI  BLM,  1992);  however,  slopes  of  4h:lv  or  less  are 
more  conducive  for  vegetation  establishment  (CRWMS  M&O,  2001). 

Slope  length  and  slope  shape  should  also  be  considered  during  recontouring.  Slope  lengths  that 
exceed  15.25  m  to  30.5  m  (50  ft  to  100  ft)  at  4h:lv  or  steeper  may  result  in  concentrated  water 
flow,  depending  on  soil  texture  and  vegetative  cover.  In  comparison,  slopes  of  5h:lv  become 
problematic  at  lengths  of  46  m  (1 50  ft)  or  greater  (Ferris  et  al.,  no  date).  Water  diversion 
chaimels  can  be  constructed  above  slopes  and  at  intervals  to  direct  water  off  the  slope  and  control 
erosion  on  long  slopes. 

Another  consideration  during  site  preparation  is  vegetation  removal  and  plant  salvaging.  Before 
topsoil  is  salvaged,  it  may  be  appropriate  to  brush  rake  existing  vegetation  into  piles.  Brush 
rakes  consist  of  several  curved  teeth  attached  vertically  to  a  heavy-duty  frame  and  they  often 
have  replaceable  tips  to  protect  the  rake  teeth.  Brush  rakes  usually  replace  the  standard  dozer 
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blade,  but  some  can  be  attached  directly  to  the  standard  dozer  blades.  A  brush  rake  is  superior  to 
a  standard  dozer  blade  or  road  grader  because  soil  is  filtered  through  the  rake  and  not  scraped 
into  the  brush  piles.  Brush  piles  can  be  chopped  and  spread  over  the  site  and  incorporated  into 
the  soil  during  site  preparation  activities.  This  provides  valuable  organic  matter,  microbial 
spores,  and  possibly  seed  to  the  soil  (Hansen  and  McKell,  1991). 

Some  plant  species  (e.g.,  cacti,  yuccas,  and  Joshua  trees)  that  grow  slowly  but  transplant  well 
may  be  selected  to  collect  or  salvage  before  disturbance  occurs.  In  fact,  some  areas  require 
salvaging  of  certain  species  by  law.  The  state  nursery  or  extension  office  are  good  sources  of 
information  on  how  to  properly  salvage,  store,  and  transplant  different  species  (see 
Section  3.5,  “Planting”).  Transplanting  during  the  proper  time  of  year  and  into  suitable  moist 
substrates  is  a  key  consideration. 

3.3  SOIL  AMENDMENTS 

3.3.1  Objectives 

The  objective  of  using  soil  amendments  is  to  incorporate  supplemental  materials  into  the  existing 
soil  matrix  to  provide  a  suitable  growth  medium  for  plant  germination,  emergence,  growth,  and 
reproduction. 


3.3.2  Principles 

Soil  provides  a  medium  where  seeds  can  germinate.  In  fact,  good  seed-soil  contact  is  a  major 
germination  requirement  for  most  species.  Once  germinated,  plants  need  soil  in  which  to 
establish  their  root  systems.  Soil  provides  the  rooting  medium  from  which  roots  extract  water, 
nutrients,  and  oxygen  to  sustain  and  perpetuate  life.  Plants  have  specific  requirements  for  water, 
nutrients,  and  oxygen.  Amendments  eause  the  following  changes  in  the  rooting  medium: 

(a)  improved  hydrologic  properties  (e.g.,  water  holding  capacity,  infiltration),  (b)  macro-  or 
micronutrient  additions,  (c)  organic  matter  increases,  (d)  improved  aeration,  (e)  pH  changes, 

(f)  reduced  erosion,  and  (g)  temperature  modification  (Munshower,  1994). 

When  the  soil  profile  is  modified  or  even  destroyed  by  disturbance,  the  natural  physical  and 
chemical  properties  of  the  soil  are  modified  or  lost  to  the  point  where  the  soil  may  not  be  suitable 
for  plant  growth.  In  order  to  replace  these  lost  properties  or  make  the  soil  suitable  for  plant 
growth,  soil  amendments  are  sometimes  needed.  Soil  amendments  are  defined  as  natural  or 
man-made  materials  that  are  applied  and  incorporated  into  the  soil  profile  to  improve  the  soil- 
water  or  soil-air  relationships  by  altering  soil  physical  and  chemical  properties  (USDI 
BLM,  1992).  Amendments  should  not  be  confused  with  mulches,  which  are  used  to  alter  surface 
characteristics  and  environment  (Vogel,  1987). 

In  order  to  determine  which  amendments  are  necessary,  field  and  laboratory  soil  chemical  and 
physical  tests  should  be  conducted  (Vogel,  1987).  Table  3-1  lists  some  soil  chemical  and 
physical  parameters  to  measure,  and  provides  a  suitability  rating  based  on  the  test  results.  This 
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table  should  be  used  as  a  general  guide  to  determine  if  soil  at  a  particular  site  is  suitable  for  plant 
growth.  Soil  fertility  tests  may  also  be  performed  to  better  define  which  amendments  may  be 

Table  3-1.  Soil  material  suitability  for  salvage  and  reclamation  use  (USDA  Forest  Service,  1979b). 

Definition:  suitability,  as  defined,  is  the  qualities  and  properties  of  natural  soils  or  soil  material  that  chemically  and 
physically  provide  the  necessary  water  and  nutrient  supply  for  the  top  growth  and  root  development  of  plants. 

Criteria:  the  following  groups  of  ratings  are  indicators  of  potential  quality  of  natural  soil  profiles,  certain  soil 
horizons,  or  the  underlying  parent  material,  disregarding  nutrient  levels. 


Levels  of  Suitability 

Major  parameters 

Good 

Fair 

Poor 

Unsuitable 

USDA  soil  texture 

Fine  sandy  loam, 
very  fine  sandy 
loam,  loam,  silt 
loam,  sandy  loam 

Clay  loam, 
sandy  clay  loam, 
silty  clay  loam 

Sandy,  loamy 
sand,  sandy  clay, 
silty  clay,  clay 

Clay  textured  soils 
with  more  than  60% 
clay 

Salinity  (mmho/cm) 

Less  than  3 

3-6 

6-9 

More  than  9 

Alkalinity  (exchangeable 
sodium  percentage,  ESP) 

Less  than  4 

4-8 

8-12 

More  than  12 

Concentration  of  toxic  or 

Very  low 

Low 

Moderate 

High 

undesirable  elements,  i.e., 
boron,  selenium,  arsenic,  % 
lime,  etc. 


Soil  pH  6. 1-7.8  5. 1-6.1  4. 5-5.0  Less  than  4.5 

7.9-8.4  8. 5-9.0  More  than  9.1 


Additional  parameters  to  be  evaluated 


Moist  consistency 

Very  friable, 
friable 

Loose,  firm 

Very  firm, 
extremely  firm 

Coarse  fragments,  %  by 
volume 

0-10 

10-20 

20-35  More  than  35 

Available  water-retention 
capacity  (in/in) 

More  than  0.16 

0.08-0.16 

Less  than  0.08 

Permeability  (in/hr) 

0.6-6.0 

0.2-0.6 

Less  than  0.2  or 
greater  than  6.0 

Organic  matter  (%) 

More  than  1.5 

0.5-1.5 

Less  than  0.5 

Soil  structure 

Granular,  crumb 

Platy,  blocky, 
prismatic 

Massive,  single 
grain 

'Ratings  may  be  raised  one 
limitations. 

class  if  soil  amendments  or  management  practices  can  be  applied  to  overcome  the 
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needed.  Analyses  of  nitrogen;  phosphorus;  potassium;  certain  trace  elements  (e.g.,  iron,  zinc, 
manganese,  selenium,  boron,  and  copper  [DTPA  extractable]);  presence  of  calcium,  magnesium, 
and  sodium;  and  cation  exchange  capacity  are  commonly  conducted  to  determine  nutrient  levels. 
Tests  for  salinity-sodicity  (pH;  soluble  salts;  water  soluble  calcium,  magnesium,  sodium,  and 
potassium;  sodium  adsorption  ratio;  exchangeable  sodium  percentage;  water  soluble  anions  CO3, 
HCO3,  SO4,  Cl,  and  NO3;  and  gypsum)  and  acidity  (pH,  sulfide  [qualitative],  acid-base 
equilibrium,  and  lime  requirement)  may  also  be  conducted.  The  initial  test  for  alkaline  or  acidic 
soils  is  pH.  If  the  pH  is  greater  than  7,  run  tests  for  salinity-sodicity.  If  the  pH  is  less  than  7,  run 
tests  for  acidity  (USDA  Forest  Service,  1979b).  Soils  in  the  arid  areas  of  the  western  United 
States  are  generally  alkaline.  Acidic  soils  are  rarely  a  problem.  However,  sodic  and  saline  soils 
can  be  problematic  in  these  areas  (see  Section  3.3.4,  “Special  Considerations”). 

It  is  critical  to  know  which  plant  species  will  be  used  during  revegetation  and  what  are  their 
specific  requirements  for  growth.  Some  adapted  species  may  thrive  in  poor  quality  soils  but  die 
in  good  quality  soils.  Obviously,  the  seeded  plant  community  should  match  the  potential  of  the 
site  to  maintain  that  community  with  the  minimum  input  of  amendments. 

3.3.3  Techniques 

Three  primary  techniques  are  used  to  ameliorate  soils  that  are  marginally  suitable  for  plant 
growth.  These  include:  (a)  the  use  of  synthetic  polymer  soil  conditioners,  (b)  adding  organic 
matter,  and  (c)  fertilization. 


3.3.3.1  Synthetic  Polymer  Soil  Conditioners 

Bear  (1952)  first  introduced  synthetic  polymer  soil  conditioners  to  the  scientific  community. 
Azzam  (1980)  reviewed  the  subject  including  over  500  references.  These  polymers  can  be  either 
water-insoluble  or  water-soluble  (Wallace  and  Wallace,  1989;  Wallace  and  Wallace,  1990).  For 
a  detailed  description  of  the  mechanisms  involved  in  soil  conditioning  by  these  polymers 
(Wallace  et  al.,  1986). 

Water-insoluble  polymers  are  usually  cross-linked  and  swell  in  the  presence  of  water  from  50  to 
400  times  their  weight  (Figure  3-12)  (Azzam,  1985;  Henderson  and  Hensley,  1986).  Depending 
on  the  degree  of  cross-linking  and  the  base  material  in  the  polymers,  40  to  95  percent  of  the 
water  in  the  gels  can  be  available  to  plant  roots.  Cross-linked  polymers  do  not  combine  with 
clay  in  soil  like  the  water-soluble  ones  do  (Wallace  and  Wallace,  1990).  The  main  purpose  for 
using  water-insoluble  polymers  is  to  increase  the  water-holding  capacity  of  the  soil.  Azzam 
(1985)  lists  three  ways  a  specific  water-insoluble  polymer,  RAPG-3700,  preserves  water  and 
include:  (a)  bound  water  absorbed  by  the  polymeric  matrix  via  swelling,  (b)  free  water  incubated 
in  aggregate's  structure,  and  (c)  condensed  water  restored  as  a  result  of  mulching  the  soil  surface 
with  the  polymer.  He  also  described  additional  benefits  of  using  this  polymer  which  include 
increased  aggregate  stability,  lack  of  cracking  and  crusting,  decreased  evaporation  and 
transpiration,  increased  fertilizer  use  efficiency,  and  increased  plant  productivity.  Water- 
insoluble  polymers  can  be  applied  to  soil  in  the  dry  state  with  a  broadcast,  drill,  or  aerial  seeder, 
or  applied  emulsified  in  water  to  wet  soils  with  a  hydromulcher.  For  best  results,  the  polymer 
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Figaro  J-I3r  Wstfr-iBuduble  polvmfrsfUr  Bb?<)r]jip|i  wafer #pd  eipapniiop- 


siKMikl  tie  '^■'orkeU  into  the  top  8- 1  ?  cm  0-6  in)  of  soil  wi-th  a  disi:  or  harrow.  Applying: 

22.4  k^'ha  (20.0  lbi‘'ai:re)in'r fi  watcr-iEisolufalc  pulymcr  increased  efnergjeiice:  und  initial 
es(ablishnfKin  of  sestflings  ai  two  sites  iwar  Yucca  Mountain,  Nc^'ada,  but  did  jicd  appear  to 
incrtiw  long-lcrra  fiJunFiva]  over  eontml  ptols  { Wiiikel  el  aL  ^io-iJMoasl™  ia  cme  esample 

of  a  eomuHrcially  uv^iilable  Wokr^Lniiotuble  polymer. 


Water-^iuhle  polynion!  are  not  croas-linked  and.  iheietbre,  have  much  reduced  atnorbenl 
pnopertKii  tompitred  to  WHier-insoluble  polymers.  Their  primaty  purpCiSc  is  for  etosion  COhlrtil 
hut  may  also  imcrca'iC  pone  space  in  sojk  eonlainin^  clay,  increase  water  mtif tration  intu  soils 
eoulniningclay,  aitd  make  fri$ible  soil  that  is  easy  to culliv^dc  (WaEt^ice  iXnd  i^^^llaee,  I 
Watcf-soluhle  polymers  cart  be  applied  to  wet  wdrj'  soil  in  die  dry  state  wiih  a  broadcast,  drill, 
or  aerial  seeder.,  or  applied  in  soLuEiiHi  witJi  a  bydrumulcher  Or  irrigjjtiun  system.  For  best  resules. 
(be  polyrni;r  sbootd  be  winki^d  iirto  die  trip  8-|^  cm  (1-6  in]  of  soil  with  a  disk  or  harrciw. 
Additionally,  Wallaoe  ( 1 0£8)  determined  that  using  a  sulution  ruf  waier-soiuble  polymer 
improved  transplant  sur\'ival  and  growth.  He  states,  “The  reason  ten  inchtsion  O'fsoluEton  of  the 
polymer  Ls  lo  preservie  the  stability  of  the  soil  aggregates,  which  reaulls  in  better  aemUrai  arutind 
the  roots  uf  the  transplaids.'"  The  ctmcentration  in  solution  tbrtmrisplahts  Is  usually 
lOO-^ttO  miUijtmni3L''lliteT(2(K)-^.9  parts  per  million)  (thi'allaee  and  Wallace,  I ‘Ml). 

The  polymera  themselves  are  relatively  inexpensive,  but  tu  apply  lltteJh  iutd  disk  them  into  the 
soil  requires  an  add  itional  ovtc  or  two  pa.ssca  over  the  site.  .Also,  some  evidence  sui^esls  that 
Icng'-temi  plant  survivtil  does  not  wiih  Ike  use  of  ihe  polyniers. 
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3.3.3.2  Organic  Materiafs 


The  addition  of  organic  materials  to  the  soil  can  decrease  bulk  density,  increase  water 
infiltration,  and  increase  water-holding  capacity  of  the  soil.  Chemically,  organic  materials  can 
reduce  acidity,  increase  cation  exchange  capacity,  add  plant  nutrients,  help  hold  nitrates,  and 
reduce  leaching  losses.  Some  organic  materials  also  provide  an  energy  source  for  beneficial  soil 
microorganisms  and  soil  fauna  (Vogel,  1987).  Munshower  (1994)  reported  that  organic 
amendments  improve  hydrologic  properties,  reduce  erosion,  and  modify  temperature  extremes. 
Morgan  et  al.,  (1986)  reported  that  the  landscape  industry  used  large  amounts  of  organic 
amendments  in  the  soil  with  transplants  to  improve  soil  aeration. 

Many  different  types  of  organic  amendments  have  been  tested  and  are  mostly  agricultural, 
industrial,  municipal,  residential,  and  forestry-related  wastes  or  residues.  These  include  barnyard 
and  poultry  manure,  composted  garbage,  leaves,  sewage  sludge  and  effluent,  and  combinations 
of  these  materials,  such  as  garbage  or  leaves  mixed  with  sewage  sludge.  Crop  residues,  such  as 
straw,  and  residues  such  as  bark  and  wood  chips  from  sawmills  and  wood-conversion  operations 
have  been  used  both  as  soil  amendments  and  as  mulches  (Vogel,  1987). 

Vogel  (1987)  discussed  factors  influencing  rates  of  application  of  different  organic  materials. 
These  factors  include  the  purpose  for  which  they  are  applied,  physical  and  chemical  properties  of 
the  soil,  depth  of  incorporation,  and  cost  of  obtaining  and  applying  the  materials.  He  further 
suggests  some  application  rates  of  different  materials;  barnyard  manure  and  composted  garbage, 
34  to  67  metric  tons/ha  (15-30  tons/acre)  and  sewage  sludge  and  effluent,  volumes  equivalent  to 
45-112  metric  tons/ha  (20-50  tons/acre)  of  dry  matter.  Munshower  (1994)  suggests  applying 
wood  residues  (e.g.,  wood  chips,  sawdust)  at  a  rate  of  1,700  kg/ha  (1,500  Ib/acre)  or  more.  Straw 
as  an  organic  amendment  can  be  applied  at  a  rate  of  1.1  to  4.5  metric  ton/ha  (0.5-2  ton/acre) 
(Mannering  and  Meyer,  1963;  Meyer  et  al.,  1970;  Thornburg,  1982). 

Livestock  waste  is  one  of  the  most  complete  organic  additives  that  can  be  applied  to  a  disturbed 
soil  (Meek  et  al.,  1982).  The  most  common  means  of  distribution  is  with  a  manure  spreader. 
After  spreading,  the  manure  should  be  incorporated  into  the  soil  with  a  disk,  plow,  or  rototiller. 
Manure  is  especially  useful  in  acid  wastes  but  may  be  problematic  in  saline  soils.  Manure 
additions  should  be  carefully  assessed  before  using  on  saline  soils  because  animal  wastes  have  a 
high  salt  load  and  exacerbate  the  salt  problem  (Vogel,  1987).  They  may  also  contain  seeds  of 
undesirable  plants,  such  as  invasive  species.  Another  problem  with  using  manure  is  its 
availability.  If  a  manure  source  is  close  to  the  reclamation  site,  it  can  be  a  relatively  inexpensive 
organic  amendment.  Otherwise,  transport  costs  may  be  too  high  to  use  this  amendment. 

Compost  is  derived  from  the  biological  decomposition  of  any  solid  waste.  Research  in  the 
Northwest  clearly  reveals  the  benefits  of  compost  additions  to  arid  rangelands  (Brandt  and 
Hendrickson,  1991).  They  suggest  that  the  greatest  benefit  is  its  ability  to  augment  the  water¬ 
holding  capacity  of  the  soil.  Manure  spreaders  can  be  used  to  distribute  compost  over  the 
disturbed  site  after  which  the  compost  can  be  incorporated  into  the  soil  with  a  disk,  plow,  or 
rototiller.  Large  quantities  of  compost  are  generally  available  near  urban  areas  at  a  relatively 
inexpensive  price.  In  other  areas,  transport  costs  may  preclude  the  use  of  composts. 
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Sewage  sludge  is  the  material  (organic  and  inorganic)  removed  from  wastewater  at  sewage 
treatment  plants.  The  sludge  contains  a  number  of  nutrients  and  organic  residues  that  make  it  a 
valuable  amendment  for  degraded  sites  (Hill  and  Montague,  1976).  Sewage  sludge  may  be 
applied  to  a  site  with  a  manure  spreader  and  incorporated  into  the  soil  with  a  disk,  plow,  or 
rototiller.  Like  compost,  large  quantities  of  sewage  sludge  are  generally  available  in  urban  areas 
at  a  relatively  inexpensive  price.  In  other  areas,  transport  costs  may  prevent  the  use  of  sewage 
sludge.  The  presence  of  phytotoxic  metals  in  sewage  sludge  can  also  be  problematic,  and  may 
limit  the  use  of  it  as  a  soil  amendment.  Federal  guidelines  regulate  acceptable  levels  of  the 
metals  and  should  be  followed  if  sewage  sludge  is  used. 

Wood  residues  are  by-products  of  wood  processing  or  conversion  operations  and  include  wood 
chips  or  fibers,  sawdust,  and  bark  fragments.  They  are  an  inexpensive  organic  material  that  can 
be  distributed  over  a  site  with  a  dry  blower,  hydromulcher,  or  manure  spreader  and  then 
incorporated  into  the  soil  with  a  disk,  plow,  or  rototiller.  If  applied  with  a  dry  blower  or 
hydromulcher,  wood  particles  must  be  ground  to  the  proper  size  so  as  not  to  ruin  the  equipment. 
Sawdust  tends  to  be  rapidly  digested  by  microbes  and  has  an  undesirable  carbonmitrogen  ratio 
while  chips  and  bark  fragments  last  much  longer  and  are  the  more  common  form  of  wood 
residue  used  as  an  organic  amendment  (Munshower,  1994).  Nitrogen  fertilization  is  strongly 
recommended  if  wood  residues  are  used  (Munshower,  1994;  Vogel,  1987). 

Straw  is  primarily  composed  of  the  stems  of  cereal  grains  such  as  wheat  (Triticum  aestivum), 
barley  {Hordeum  vulgare),  or  oats  {Avena  sativd).  As  a  soil  amendment,  it  is  typically  spread 
over  a  site  using  a  dry  blower  and  then  disked  or  plowed  into  the  soil.  Like  manure,  having  a 
straw  source  relatively  close  to  the  reclamation  site  makes  straw  a  relatively  inexpensive  organic 
amendment.  Otherwise,  transport  costs  may  preclude  the  use  of  this  amendment.  In  addition, 
straw  may  contain  large  amounts  of  seed  that  may  germinate  and  create  competition  for  native 
plant  species. 

The  incorporation  of  some  organic  materials,  such  as  animal  manure  and  composted  sewage 
sludge,  adds  plant  nutrients  to  the  soil.  However,  incorporating  materials  that  are  not  composted 
and  are  high  in  cellulose  (e.g.,  wood  residues,  straw),  may  cause  a  nitrogen  deficiency  to  plants 
as  the  material  decays,  so  additional  nitrogen  fertilizer  should  be  applied  for  the  benefit  of  the 
vegetation.  For  herbaceous  vegetation  establishment,  an  extra  7-1 1  kg  (15-25  lb)  of  nitrogen  for 
each  0.9  metric  tons  (1.0  ton)  of  high  cellulosic  or  non-composted  organic  material  incorporated 
into  the  soil  is  recommended  (Vogel,  1987).  Munshower  (1994)  also  advocates  the  use  of 
nitrogen  fertilizer  when  organic  amendments  such  as  straw  or  wood  residues  are  used  and  gives 
as  a  general  rule  that  nitrate  additions  should  maintain  a  carbon mitrogen  ratio  between  12:1  and 
20: 1 .  In  contrast,  wheat  straw  crimped  into  the  soil  has  been  used  as  an  organic  mulch  (4.5 
metric  ton/ha  [2  tons/acre])  at  numerous  reclamation  sites  in  south-central  and  central  Nevada 
with  great  success  without  the  use  of  fertilizers  (Hall  and  Anderson,  1999;  CRWMS  M&O, 
2001). 


3.3.3.3  Fertilization 

Fertilization  is  the  process  of  adding  nutrients  to  the  soil  to  compensate  for  low  levels  of 
nutrients  that  have  been  lost  or  just  naturally  occur  in  low  amounts.  The  purpose  of  fertilization 
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is  ICi  iiicnca.sc  tbc  prcxluclEV  iiy  oF  Ihc  sail  so  ihul  (lie  pLiuiC^  gi'o^iit^  iri  thu!:  SctiL  ^i]]  dK 
twoessaiy  r^oumces  lo  eswblish,  gjow,  and  rcprrtdut^,  tbcri^y  creating  a  pcnnaiKnt, 
scK-pcrpctuatin.]:  p]arl  cammunily.  I''erti  tizer  i^an  be  added  pfiur  [u  Or  jd  llte  Eiitkft  uf 
nfler  swdii?*,  or  durinB  1  Raaen  et  M-  ( I^S)  statjfs  that,  “Mubiernl  deticwncks, 

c!ipccLally  or|iiJlJia^cn|  N  and  [phcsplHrtHisI  P,  aiz  widespread  in  sutla  of  (he  Eciniorid  and  arid 
attd  art  txpecl^  to  bt  Ihe  major  nutiritboflal  probkm  in  spoiHwik  reclanwtioEi  frioEn  the 
standpoint  ol' areal  client  and  d  iatrjbudon.  Known  dctkicncka  of  oliier  nutrients  ciiist  in  S4iils  of 
the  region,  but  the  areal  diiiEribulion  ia  low  in  t^OPIpari&un  10  N  ititd  Pp'^ 

In  arid  areas  of  the  weatem  United  !itatca,  fdrii]  ization  is  generally  not  recommeiKled  os  □ 
revegetation  technique  when  scediug  with  ntiljve„  adapted  SpeciestfCRWMS  M&O,  2001 1, 
Munshowcf,  Vallcntinc,  for  severaL  rcasuns.  'Phese  include:  (a)  alLhougli  soils  in 

these  areas  ha'vo  a  low  nuirient  slalus,,  native  plunt  speoies  evolved  unthirrthes^  oi:]rvditirtiKs  and  are 
adapted  to  1h«  low  nuirieid  levels  19^4)^  (b)  fcrtilijralion  ha.s  nrst  been  Hhown  to 

increase  germinatton  artd  cstabJishmcnl  of  seeded  species^  (c)  forlilizatioit  is  i]34ka.lLy  PCd  cost- 
cfTectivc;  and  (d)  rcrtlliTaiion  I^timulatcs  the  growth  pif  undesirable  annuals  (Figure  3-13) 
(Paflerson  and  Ycsingman,  Sirtwa.  1963;  Wilson  cLal..  1960;  Kay,  1966)  iJiat  may  decrease 
perejiiitaJ  productivity  ot  onl-cotnpetc  tlic  i^eeded  pteronnial  seedlings  iWcddcal  ocsriiurco!;  itucb 
a.s  water  and  nulricnm  (Patlcrson  ajul  Ynungman,  IWQ':  Wilsun  elul.,  I%6;  J  lulL  itf  ^1..,  1 999; 
llcurnny,  1941iiibi  Hotmgren,  1956), 


I'igarr  ^-l^-p  Fenillsced  blark  pNjIii  in  ihe  baektjfiMiiad]  vanui!  unrarthllsbad  (light 

gra«H>  phtti,  FarlilualJau  pronat^i  th»  introdaced  anDoak  grass.  Srfrionin  aro^iem. 


k  may  be  effeoli-vo  10  use  recti  I  Leer  after  scedEtngs  have  becume  cStabLitsbed  Oi:  al^sresitablisbftl 
plants  have  been  damage^d  Frcrm  disturbance  (c-g.,  encampmente,  trafficking)  to  increase  the 
productivity  of  these  plania  (Figure  3-14). 


FlKurt3-]4.  Kntiliz&tioi  of  xliruln  idh}'  prHtHXJlc  grmlrrwnl  sc!  vf 

feriilirjcd  xfarchx  (bullwin}  Lainpiir^  lit  riitifcriilElnl  ahl-ilba 


Incrc^ud  pTnductivity  m^y  >;:nnic  irntn  hij^hcr  sfcdi  producliucu  incRMi^Hj  cuvcr  and  binrn&ysL.  and 
overall  irtiproveil  pLuiE  vigor,  A  atiidy  tonducied  a!  Fort  irwiii.  Clfililamia  showed  thsl  fcriilljwr 
broadcast  on  Itic  Furtacc  {If  kg  Pi^a,  22  kg  P/tia,  and  22  kg  Kj'ba  1 24  lb  hi^acrc,  20  lb  F.''acpts,  tind 
20  Ib^X/Horel;  N  Nitrogen,  F  “  PhospiRirus,  and  K  PotaSKiom.’)  ijittijased  ()•*?  leadet  and 
inflorcseence  length  of  white  beriiagp  [Atnhrmio  iiutnii-vi)-  This,  in  turn,  yielded  mofic  seeds  per 
phmL  on  fertilised  pioEs  than  unfertilLned  pbis.  Ttw  gteJEest  int;K!lsc  did  not  OOCUT  until  tho 
growing  season  atlcr  rcttidsalion  occuircd.  OhseiTations  cm  a  few  plots  showed  that 
doubling  the  fertilEsef  rale  aetuuLly  [:aased  a  decrease  in  leader  and  tnflore^iice  Icn^tll,  while 
using:  only  5  kg  N/lw  lb  N^acrc)  did  not  aftwt  leader  and  Enflgrcsccncc  lengdi  (KN, 
unpublished  report),  fiite-speeillc  trials  may  be  needed  lo  determine  iriertiliser  is  a  4;osE- 
ttflectivt  icchiiiimic  to  use.  stEfYK-Lent  moLsture  Is  required  (o  make  the  fertlltsEcreffoctivo, 
Seeding  adapted  legume  speoles  is  recommended  when  possible  because  legumes  ft^  n  ilitEgen 
that  benefits  mM  wjly  iheniselves  but  sutToundijig  plants  as  well  (  Hanson  and  MeKcll,  1991 ). 
FcTtiliTcr  con  he  applied  dry  with  cyeicne  or  broad cast-iype  apreaders,  pull-type  flow  spreaders, 
regular  liirte-sptread  ing  trucks,  and  with  aircrafi  or  eVAil  by  hand  (HI  small  aifeSiS  f Vogels  19^7).  Il 
0^  also  lae  applied  in  solitttiori  widi  a  hydrorinulcher  or  Ihrough  an  irngpLon  system. 

Fcrliliwra  may  ulsu  be  used  during  Iransplanting.  liansen  f  reccHlimerds  that  lertlliBers  tdf 
shnib  Lransplant^t  bo  used  in  sicrtic  soh^rstes  such  as  mine  tailings  and  deep  subsoils  that  rm: 
defKient  uii  nutrients,  and  ihut  ferttl  izalion  is  not  required!  when  usiitg  fertile  tupSoil.  When 
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fertilizer  is  used,  Hansen  suggests  the  use  of  a  slow-release  fertilizer  such  as  a  20-gram 
(0.7-ounce)  tablet  of  20  percent  N,  1 0  percent  P,  and  5  percent  K  that  should  be  placed  in  the 
bottom  of  the  transplant  hole  and  covered  with  a  light  layer  of  soil  before  inserting  the  transplant. 

3.3.4  Special  Considerations 

Sodic  soils,  soils  high  in  sodium,  can  be  problematic  in  some  areas  because  they  have  poor  water 
infiltration  and  percolation.  Vogel  (1987)  discusses  a  few  potential  solutions  to  problems  with 
sodic  soils.  These  include  using  sodium-tolerant  plant  species,  leaching  the  sodium  from  the  soil 
with  irrigation  water,  adding  topsoil  and  organic  matter  to  improve  soil  aggregation,  and  disking 
and  subsoiling  to  improve  structure  and  drainage  (deep  tillage  should  be  avoided  in  areas  with  a 
high  water  table  to  prevent  water  from  rising  to  the  surface  carrying  sodium  into  the  rooting 
zone). 

Several  amendments  have  also  been  used  to  ameliorate  sodicity  and  include  calcium  chloride, 
gypsum,  ammonium  nitrate,  and  ammonium  sulfate  (Munshower,  1994;  Vogel,  1987).  Calcium 
chloride  and  gypsum  supply  calcium  ions  to  the  amended  soil  and  lower  sodium  adsorption 
ratios.  The  ammonium  radical  (NH4'^)  also  displaces  sodium.  This,  in  turn,  flocculates  the  soil, 
increases  infiltration,  permits  leaching  of  salts  deeper  into  the  profile,  and  reduces  surface  soil 
crusting.  Calcium  chloride  is  more  expensive  than  gypsum  but  is  more  soluble  than  gypsum 
(Munshower,  1994).  “A  combination  of  gypsum  (80  percent),  ammonium  sulfate  (10  percent), 
and  calcium  chloride  (10  percent)  has  been  found  to  be  twice  as  effective  as  gypsum  alone  in 
preventing  sodium  from  migrating  up  into  topsoils  spread  over  sodic  minesoils”  (Vogel,  1987). 

If  these  amendments  are  used  and  the  sodium  ions  are  displaced,  these  ions  must  then  be  leached 
out  of  the  rooting  zone.  In  arid  areas,  this  requires  the  use  of  a  lot  of  supplemental  irrigation. 

Saline  soils,  soils  with  basic  salts  other  than  sodium,  may  also  be  problematic.  Using  adapted, 
saline-tolerant  plant  species  is  the  best  solution.  However,  in  some  cases  saline  soils  may  be 
treated  with  acid-forming  chemicals  (e.g.,  sulfur,  sulfuric  acid,  iron  sulfate,  aluminum  sulfate, 
and  lime  sulfate)  and  leaching  to  promote  plant  growth  (Vogel,  1987). 

Results  from  the  soil  analysis  should  determine  if  sodicity  or  salinity  is  a  problem.  Application 
rates  for  the  amendments  should  be  based  on  the  extent  of  the  problem  as  determined  by  the  soil 
analysis. 

Saline  soils,  soils  with  basic  salts  other  than  sodium,  may  also  be  problematic.  Using  adapted, 
saline-tolerant  plant  species  is  the  best  solution.  However,  in  some  cases  saline  soils  may  be 
treated  with  acid-forming  chemicals  (e.g.,  sulfur,  sulfuric  acid,  iron  sulfate,  aluminum  sulfate, 
and  lime  sulfate)  and  leaching  to  promote  plant  growth  (Vogel,  1987). 

Results  from  the  soil  analysis  should  determine  if  sodicity  or  salinity  is  a  problem.  Application 
rates  for  the  amendments  should  be  based  on  the  extent  of  the  problem  as  determined  by  the  soil 
analysis. 
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3.4  SEEDING 


Direct  seeding  is  a  common  practice  used  in  the  reclamation  process.  Usually  sites  that  are  being 
reclaimed  have  been  disturbed  to  a  degree  that  leaves  a  soil  void  of  viable  native  seeds.  On 
relatively  small  sites,  seed  from  adjacent  undisturbed  areas  might  eventually  find  its  way  onto 
the  site.  This  is  especially  true  on  narrow  disturbances  (e.g.,  pipelines  and  roads).  However,  in 
most  instances  areas  being  revegetated  are  large  sites,  or  have  been  severely  disturbed,  and  the 
native  seed  pool  has  been  exhausted.  The  determination  to  actively  revegetate  a  disturbed  area 
or  merely  protect  the  site  from  future  disturbance  is  a  decision  to  be  made  during  the  planning 
phase  (Section  2.0,  “Reclamation  Planning”). 

3.4.1  Objectives 

The  objective  of  seeding  is  to  return  to  the  disturbed  site  a  sufficient  number  of  viable  seeds  of 
plant  species  native  to  the  site  so  that  a  sustainable  vegetative  cover  might  be  established. 

Seeding  relies  heavily  on  the  natural  revegetation  process.  The  goal  is  to  get  enough  viable  seed 
back  into  the  soil  so  that  when  conditions  are  favorable,  the  seed  germinates  and  becomes 
established  on  the  site. 


3.4.2  Principles 

Direct  seeding  is  an  effective  method  of  increasing  the  number  of  viable  seeds  in  the  soil.  It  is 
relatively  inexpensive  and  if  proper  techniques  are  used  and  soil  moisture  is  high  enough,  direct 
seeding  can  be  successful. 

There  is  a  risk  associated  with  direct  seeding  because  it  relies  heavily  on  natural  processes, 
which  may  be  unpredictable  and  unreliable.  Natural  conditions  that  favor  seed  germination  and 
growth  of  native  species  occur  infrequently  in  the  arid  regions  of  the  Southwest  (Wallace  et  ah, 
1980;  Bainbridge  et  al.,  1995),  which  results  in  a  low  percentage  of  germination  of  seeds  in  the 
soil.  Usually  large  amounts  of  viable  seed  are  placed  in  the  soil,  assuming  only  a  small 
percentage  will  actually  experience  conditions  that  will  allow  germination. 

The  key  to  success  with  direct  seeding  is  to  enhance  those  factors  that  encourage  seed 
germination.  First,  providing  high-quality  seed  adapted  to  the  site.  There  must  be  good  seed-to- 
soil  contact.  There  must  be  sufficient  water  in  the  soil  for  the  seed  to  meet  germination 
requirements  and  become  established.  The  soil  should  be  firmly  compacted  around  the  seed  to 
ensure  that  the  seed  does  not  dry  out.  Once  the  young  seedling  is  established,  it  must  be 
protected  either  from  severe  environmental  conditions,  unnatural  competition  for  resources,  or 
herbivory.  Enhancing  any  or  all  of  these  factors  increases  the  potential  for  successful 
revegetation. 
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3.4.3  Techniques 
3.4.3.1  Species  Selection 

The  selection  of  appropriate  plants  for  the  site  may  be  the  most  critical  part  of  reseeding  a 
disturbed  site  (Wiesner,  1 997).  Plant  species  should  be  native  to  the  site  or  are  known  to  occur 
in  the  vicinity  as  determined  either  from  pre-disturbance  plant  surveys  or  sampling  of  reference 
areas.  Much  of  this  information  would  have  been  collected  during  site  assessments  (Section  2.0, 
“Reclamation  Planning”).  If  a  species  list  is  not  available,  a  list  of  species  for  the  particular 
region  may  be  used  (Table  3-2).  There  are  other  references  as  well  which  provide  lists  of  species 
that  may  be  adapted  to  particular  site  conditions  (Ostler  and  Allred,  1987;  Thornburg,  1982; 
Winkel  et  al.,  1999;  Wallace  et  al.,  1980).  SERDP  has  a  project  (see: 

www.crrel.usace.army.mil/gcd/curr-research.htm)  that  is  developing  wear-resistant  cultivars  of 
species  that  will  be  useful  on  military  training  lands  in  the  Great  Basin  and  other  semiarid  lands. 

Prior  to  the  first  contact  with  seed  companies,  species  should  be  selected  and  the  quantities  of 
each  estimated.  The  species  to  be  used  in  the  reseeding  of  a  site  will  be  determined  by  the  goals 
established  during  the  planning  process  (Section  2.0,  “Reclamation  Planning”).  If  the  goal  is  to 
return  the  site  to  pre-disturbance  conditions,  then  the  mix  of  species  should  reflect  the 
composition  of  the  native  plant  community.  This  does  not  mean  to  include  all  species  found  on 
the  site  in  the  seed  mix,  but  species  should  be  prioritized  based  on  abundance  and  cover  of  the 
species  found  in  the  native  plant  community.  Different  goals  may  demand  different  species  and 
the  species  mix  should  reflect  those  goals. 

Once  the  species  to  be  used  are  identified,  the  quantity  of  each  species  needs  to  be  determined. 
This  determination  is  best  completed  using  a  combination  of  quantitative  and  qualitative 
methods.  A  common  method  used  to  quantitatively  estimate  the  amount  of  seed  needed  is  to 
prepare  a  simple  matrix  showing  the  species,  the  number  of  seeds  per  kg,  the  number  of  seeds 
per  square  meter  (m^)  at  1  pure  live  seed  (PLS)  kg/ha,  the  cost  per  PLS  kg,  and  other  criteria, 
such  as  percent  germination  or  seed  purity  (Table  3-3).  If  the  goal  is  to  seed  22.4  PLS  kg/ha  (20 
PLS  Ib/acre)  of  seed,  and  a  particular  species  accounts  for  20  percent  of  the  density  on  the 
undisturbed  community,  then  20  percent  of  22.4  PLS  kg  or  4.5  PLS  kg  (4  PLS  lb)  of  seed  of  that 
particular  species  should  be  included  in  the  mix  (Table  3-3).  This  should  be  repeated  for  each  of 
the  species.  By  determining  the  PLS  kg  required  for  each  species  while  using  the  matrix,  you 
can  calculate  the  number  of  seeds  per  m^. 

The  qualitative  evaluation  of  the  seed  mix  considers  the  size  of  the  seed,  experience  with  the 
performance  of  the  species  on  other  projects,  importance  of  the  species  in  the  plant  community 
or  in  meeting  revegetation  goals,  and  the  anticipated  cost  for  the  seed.  The  goal  of  the  number  of 
seeds/m^  should  take  all  of  these  factors  into  consideration.  If  seeds  are  larger  and  germination 
is  relatively  high,  less  seeds/m^  may  be  suggested,  unless  maybe  the  species  accounts  for  the 
majority  of  the  cover,  so  the  number  of  seeds  may  be  increased.  Naturally  if  seeds  are  smaller 
and  germination  is  low,  more  seeds/m^  would  be  appropriate. 
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Table  3-2.  Suggested  list  of  species  adapted  to  arid  environments  of  Southwestern  U.S, 


Nomenclature 

Region 

Seed  Mix  Information 

Trans 

)lants 

Scientiflc  Name 

Common  Name 

Great  Basin 

Mojave 

No.  Sonoran 

Origin 

No.  Seeds/kg 

Acceptable 

Range  of 

Viability 

Common  Range 
of  Purity 

Seed  mix 

category 

Seed 

Availability 

Ease  of 

Establishment 

Optimum 

Germination 

Tern  perature 

Transplant 

Availability 

Ease  of 

Establishment 

SHRUBS 

Ambrosia  dumosa 

White  bursage 

X 

X 

Native 

187,391 

10-25 

60-85 

Fluffy 

Good 

Fair 

15-25 

Fair 

Good 

Artemisia  nova 

Black  sagebrush 

X 

X 

Native 

2,000,013 

85-90 

10 

Fluffy 

Fair 

Good 

3 

Custom 

Good 

Artemisia  tridentata 

Basin  big  sagebrush 

X 

X 

Native 

5,555,592 

55-94 

10-50 

Fluffy 

Good 

Good 

17-21 

Good 

Good 

A  triplex  canescens 

Fourwing  saltbush 

X 

X 

X 

Native 

122,058 

17-94 

90-95 

Hard 

Good 

Good 

2-40 

Good 

Good 

Atriplex  confertifolia 

Shadscale  saltbush 

X 

X 

Native 

143,079 

0-53 

80-90 

Hard 

Good 

Good 

0-29 

Fair 

Fair 

Airiplex  lentiformis 

Big  saltbush 

X 

X 

Native 

1,102,300 

40-50 

90 

Hard 

Good 

Good 

[10-15] 

Good 

Good 

Atriplex  polycarpa 

Cattle  saltbush 

X 

X 

Native 

1,763,680 

23-70 

38-40 

Hard 

Good 

Good 

9-15 

Fair 

Good 

Atriplex  spinifera 

Spinescale  saltbush 

X 

Native 

88,184 

10-64 

90-99 

Hard 

Good 

Fair 

[10-25] 

Custom 

Fair 

Baccharis  sarothroides 

Desertbroom 

X 

X 

Native 

11,023,000 

40 

5 

Fluffy 

Good 

Fair 

[10-25] 

Good 

Fair 

Chilopsis  linearis 

Desert  willow 

X 

X 

Native 

77,161 

75 

95 

Hard 

Good 

Poor 

[10-25] 

Good 

Good 

Chrysothamnus  viscidiflorus 

Yellow  rabbitbrush 

X 

X 

Native 

1,723,997 

23-98 

10 

Fluffy 

Fair 

Fair 

1-30 

Fair 

Good 

Cleome  isomeris 

Bladderpod  spiderflower 

X 

Native 

8,818 

65 

90 

Hard 

Good 

Good 

5-15 

Good 

Poor 

Coleogyne  ramosissima 

Blackbrush 

X 

X 

Native 

48,501 

10-90 

90 

Hard 

Custom 

Poor 

4 

Custom 

Poor 

Encelia  farinosa 

Goldenhills 

X 

X 

Native 

771,610 

60 

40 

Fluffy 

Good 

Good 

40 

Good 

Fair 

Encelia  virginensis 

Virgin  River  brittlebush 

X 

Native 

478,398 

77 

86 

Fluffy 

Fair 

Fair 

10-20 

Custom 

Fair 

Ephedra  californica 

California  jointfir 

X 

Native 

43,816 

65-99 

90-99 

Hard 

Good 

Good 

[10-25] 

Fair 

Fair 

Ephedra  nevadensis 

Nevada  jointfir 

X 

X 

Native 

43,816 

65-99 

90-99 

Hard 

Good 

Good 

5-25 

Fair 

Fair 

Ericameria  nauseosa 

Rubber  rabbitbrush 

X 

X 

X 

Native 

1,528,229 

36-99 

10-70 

Fluffy 

Good 

Good 

3-20 

Good 

Good 

Eriogonum  fasciculatum 

E.  Mojave  buckwheat 

X 

X 

X 

Native 

992,070 

20-65 

10-80 

Fluffy 

Good 

Good 

5-20 

Good 

Fair 

Grayia  spinosa 

Spiny  hopsage 

X 

X 

Native 

367,650 

51-100 

90 

Fluffy 

Fair 

Fair 

10-30 

Custom 

Fair 

Hymenoclea  salsola 

Burrobrush 

X 

X 

Native 

242,506 

43-85 

54 

Fluffy 

Good 

Fair 

20 

Custom 

Good 

Kochia  prostrata 

Prostrate  summercypress 

X 

Intro 

898,815 

50-80 

50-70 

Fluffy 

Good 

Good 

[5-20] 

Custom 

Good 

Krascheninnikovia  lanata 

Winterfat 

X 

X 

Native 

247,521 

18-100 

38-50 

Fluffy 

Good 

Good 

2-27 

Fair 

Fair 

Larrea  tridentata 

Creosote  bush 

X 

X 

Native 

180,777 

6-90 

56 

Fluffy 

Good 

Poor 

15-37 

Good 

Good 

L/l 

-1^ 


Nomenclature 


Region 


Seed  Mix  Information 


Transplants 


Scientific  Name 
SHRUBS  (cont.) 

Lepidium  fremontii 
Lepidospartum  squamalum 
Lycium  andersonii 
Picrothamnus  desertorum 
Sarcobatus  vermiculalus 
Senna  armata 

GRASSES 


FORBS 


Desert  pepperweed 


California  broomsage 


Anderson's  wolfberry 


Bud  sagebrush 


Greasewood 


Desertsenna 


Native 

500,444 

14-80 

77-88 

Hard 

Fair 

Fair 

20 

Custom 

Fair 

Native 

859,794 

30 

20 

Fluffy 

Fair 

Fair 

[10-20] 

Custom 

Fair 

Native 

427,692 

8-94 

53 

Hard 

Good 

Poor 

20 

Custom 

Good 

Native 

8,818,400 

88-94 

10-17 

Hard 

Custom 

Fair 

[5-15] 

Custom 

Fair 

Native 

629,634 

16-94 

50-90 

Hard 

Good 

Good 

4-30 

Fair 

Good 

Native 

38,801 

75 

94 

Hard 

Good 

Fair 

15-20 

Custom 

Fair 

Achnatherum  hymenoides 

Indian  ricegrass 

BBB 

Native 

356,969 

11-95 

90-95 

Hard 

Good 

Fair 

5-25 

Fair 

Fair 

Achnatherum  speciosum 

Desert  needlegrass 

Native 

379,191 

18-84 

50 

Hard 

Fair 

Fair 

[15-25] 

Fair 

Poor 

Aristida  purpurea 

Purple  threeawn 

BBB 

Native 

551,150 

45 

60 

Other 

Fair 

Fair 

20-40 

Fair 

Good 

Elymus  elymoides 

Squirreltail 

BBB 

Native 

422,302 

66-100 

90 

Hard 

Good 

Good 

12-32 

Fair 

Good 

Hesperostipa  comata 

Needle  and  thread 

BBB 

Native 

253,529 

13 

70-90 

Hard 

Good 

Fair 

[10-20] 

Fair 

Fair 

Pleuraphis  jamesii 

James'  galleta 

BBB 

Native 

350,531 

14-98 

20-40 

Fluffy 

Good 

Fair 

24-35 

Fair 

Fair 

Pleuraphis  rigida 

Big  galleta 

BBB 

Native 

577,605 

88 

9 

Fluffy 

Fair 

Fair 

[25-35] 

Fair 

Fair 

Psathyrostachys  juncea 

Russian  wildrye 

BBB 

Intro 

385,805 

83-90 

85-95 

Hard 

Good 

Good 

20-30 

Custom 

Good 

Sporobolus  airoides 

Alkali  sacaton 

BBB 

Native 

2,645,520 

80 

85 

Hard 

Good 

Fair 

27-32 

Custom 

Fair 

Sporobolus  cryptandrus 

Sand  dropseed 

BBB 

Native 

11,684,380 

80 

80-95 

Hard 

Good 

Good 

5-35 

Custom 

Good 

Abronia  villosa 

Sand  verbena 

BBB 

Native 

149,913 

40 

60 

Hard 

Good 

Fair 

[10-20] 

Custom 

Good 

Bailey  multiradiata 

Desert  marigold 

BBB 

Native 

2,336,876 

60 

80 

Hard 

Good 

Good 

[10-20] 

Fair 

Good 

Erodium  cicutarium 

Redstem  stork's  bill 

BBB 

Intro 

491,185 

58-80 

80 

Hard 

Good 

Good 

20-30 

Custom 

Good 

Eschscholzia  californica 

California  poppy 

BBB 

Native 

645,948 

49-75 

98 

Hard 

Good 

Good 

15 

Good 

Good 

Eschscholzia  mexicana 

Mexican  gold  poppy 

BBB 

Native 

1,873,910 

60 

90 

Hard 

Good 

Good 

15 

Fair 

Good 

Penstemon  palmeri 

Palmer's  penstemon 

BBB 

Native 

1,344,806 

58 

90-95 

Hard 

Good 

Fair 

10-20 

Custom 

Good 

Plantago  insularis 

Indian  wheat 

BBB 

Native 

716,495 

75 

98 

Hard 

Good 

Fair 

[10-20] 

Custom 

Good 

Salvia  columbariae 

Chia 

BBB 

Native 

1,918,002 

60 

90 

Hard 

Fair 

Fair 

[10-20] 

Custom 

Good 

Senna  covesii 

Senna 

BBB 

Native 

242,506 

65 

98 

Hard 

Fair 

Fair 

[10-20] 

Custom 

Good 

Sphaeralcea  ambigua 

Desert  globemallow 

BBB 

Native 

1,102,300 

25-95 

90 

Hard 

Good 

Good 

5-40 

Fair 

Good 

Table  3-3.  Sample  seed  mix  matrix.  Seeding  rate  goal  is  22.5  PLS  kg/hectare.  Table  in  English  units  of 
measurements  shown  in  Appendix  9-1. 


Scientific  Name 

No.  Pure 

Live  Seed 
/kg  [A] 

Reeom- 

mended 

Rate 

(PLS 

kg/ha) 

[B1 

Factors  to  consider  in  determining  the 
recommended  seeding  rate 

Cost  B*No. 

Heetares*C 

Density 
(plants/m^) 
in  Reference 

Area 

Ease  of 

Establish¬ 

ment 

Cost/P 
LS  kg 
[C] 

No.  PLS/m^ 
A*B/10000 

SHRUBS 

Atriplex  confertifolia 

142,780 

5.4 

1.0 

Good 

S  33 

76.8 

$  177 

Ephedra  nevadensis 

43,725 

3.0 

0.3 

Good 

S  33 

13.2 

$  100 

Ericameria  nauseosa 

1,525,040 

0.2 

0.2 

Good 

S  22 

34.2 

$  5 

990,000 

0.3 

0.2 

Good 

S  88 

33.3 

$  30 

Grayia  spinosa 

366,883 

0.7 

0.1 

Fair 

S  66 

24.7 

^■a 

Hymenoclea  salsola 

242,000 

0.4 

Fair 

S  99 

65.0 

Krascheninnikovia 

lanata 

247,005 

5.3 

1.2 

Good 

S  70 

130.0 

Lycium  andersonii 

426,800 

0.2 

0.1 

Poor 

$  121 

9.6 

$  27 

Picrothamnus 

desertorum 

8,800,000 

0.1 

I.O 

Fair 

S  880 

98.6 

$  99 

GRASSES 

Achnatherum 

hymenoides 

356,224 

2.9 

1.0 

Fair 

$  33 

103.7 

$  96 

Achnatherum 

speciosum 

378,400 

0.0 

0.2 

Fair 

$  - 

0.4 

$ 

Elymus  elym aides 

421,421 

1.3 

0.3 

Good 

$  55 

56.6 

|Ha 

FORBS 

Sphaeralcea  ambigua 

1,100,000 

0.2 

0.2 

Good 

$  101 

24.6 

$  23 

TOTALS 

22.4 

6.2 

670.7 

'  =  Seed  not  available 

^  =  Species  not  in  reference  area  but  adapted  to  site 


Cost/Hectare: 


$  1,311 
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Table  3-4.  Comparison  of  seeding  techniques  (USDA  Forest  Service,  1979a) 


Method 

Where 

appropriate 

Considerations 

Costs 

Equipment 

Broadcast/ 

Hydroseeding 

Steep  terrain 

Inaccessible 

areas 

Rocky  terrain 

Increased  amount  of 
seed  required  (double  or 
more) 

Seed  unprotected  on 
surface 

Cannot  be  used  on 
compacted  soils 

Uneven  seed  distribution 

Success  dependent  on 
immediate  and  adequate 
precipitation 

Equipment  costs  are 
higher 

Seed  costs  at  least 
double 

Labor  costs  for 
application  is  higher, 

(i.e.,  hydromulcher 
operators  (2-3),  pilot) 

Custom  equipment 

Airplane 

Hydroseeder 

Drill  seeding 

Relatively  flat 
terrain 

Accessible  to 
tractor 

If  rocky,  small 
rocks  that  will 
not  obstruct  drill 
seeder 

Requires  good  site 
preparation 

Even  seed  distribution 

Immediate  precipitation 
not  critical 

Equipment  costs  are 
moderate 

Seed  costs  lower  than 
broadcast  seeding 

Labor  will  require 

1  operator  for  drill 
seeder 

If  site  is  mulched, 

3-4  personnel  needed 

Tractor 

Drill  seeder 

Mulcher 

Crimper 

Seeding  rates  vary  but  usually  range  from  16,8-22.4  PLS  kg/ha  (15-20  PLS  Ib/acre)  when  drill 
seeding.  Several  researchers  suggest  that  rates  for  broadcast  seeding  are  50  to  100  percent  higher 
but  this  has  not  been  needed  if  broadcasted  seed  is  adequately  covered  with  soil 
(Vallentine,  1989,  Winkel  et  al.,  1999).  If  irrigation  is  being  used,  the  rates  may  be  lower. 

Harsh  conditions  such  as  a  very  disturbed  site  with  the  potential  of  few,  if  any,  native  seeds  in 
the  soil,  may  warrant  higher  rates,  33.6-44.8  PLS  kg/ha  (30-40  PLS  Ib/acre).  The  increases  may 
not  be  the  same  for  all  species,  because  other  faetors  such  as  cost  or  species  importance  will 
vary. 


3.4.3.2  Seeding  Method 

At  this  point  in  the  seeding  process,  the  method  of  seeding  needs  to  be  decided.  There  are 
typically  two  methods  of  seeding,  drill  or  broadcast  (includes  hydroseeding).  Drill  seeding  is  a 
process  of  placing  seeds  directly  in  the  ground  at  a  specified  depth.  Depending  on  the  condition 
of  the  soil  surface  and  the  nature  of  the  seed  drill,  some  form  of  seedbed  preparation  may  be 
necessary.  Seed  distribution  and  germination  is  generally  improved  by  drilling.  Many  seed 
drills  can  be  adapted  to  place  seeds  at  variable  depths  depending  on  their  germination 
requirements.  Seed  drills  are  often  equipped  with  press  wheels  or  drag  chains  to  help  cover  the 
seeds  with  soil  and  improve  seed-soil  contact.  Where  rough  or  steep  terrain  limits  the  access  of 
drilling  implements,  broadcast  seeding  or  hydroseeding  may  be  required.  Broadcast  seeding  is  a 
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process  of  spreading  seed  onto  the  soil  surface.  Prior  seedbed  preparation  is  not  always  required 
or  even  desirable.  Broadcasting  is  often  the  least  expensive  seeding  alternative  in  terms  of  labor 
costs.  This  is  due  primarily  to  the  fact  that  more  ground  surface  can  be  seeded  with  a  single  pass 
of  the  seeding  equipment  (particularly  with  aerial  seeding)  than  with  drill  seeding.  However, 
because  the  seed  is  left  on  the  soil  surface,  seed-soil  contact  may  not  be  adequate  for  good 
germination  success.  Hence,  it  is  necessary  to  seed  at  a  higher  rate  or  to  drag  an  implement  over 
the  site  following  seeding  to  help  cover  the  seed  with  a  thin  layer  of  soil.  Seeding  at  a  higher 
rate  (some  studies  suggest  50-100  percent)  will  increase  the  cost  of  broadcast  seeding. 
Hydroseeding  is  a  process  of  spraying  seed  onto  the  soil  via  liquid  slurry.  It  is  much  more 
expensive  than  drill  seeding  or  broadcasting  due  to  the  cost  of  equipment  and  the  cost  of 
transporting  large  quantities  of  water  used  in  this  process. 

There  are  appropriate  times  to  use  each  method  and  there  are  advantages  and  disadvantages  to 
each  method  (Table  3-4)  (USDA  Forest  Service,  1979a).  In  some  regions  of  the  Great  Basin  and 
in  the  Mojave  Desert,  drill  seeding  may  be  the  preferred  method.  However,  there  may  be 
instances  where  broadcast  seeding  may  be  necessary.  Broadcast  seeding  requires  higher  seeding 
rates,  and  usually  results  in  poorer  seed-to-soil  contact  and  exposure  of  seeds  to  predation. 

When  a  site  is  hydroseeded,  additional  moisture  either  from  natural  precipitation  or  irrigation  is 
necessary  within  a  short  time  or  the  pre-soaked  seed  will  fail  to  germinate  or  if  the  seed  does 
germinate  it  will  not  survive. 


Equipment  needs  are  important  for  either  broadcast  seeding  or  drill  seeding.  Broadcast  seeding 
requires  a  means  of  distributing  the  seed,  which  can  vary  Ifom  an  airplane,  a  hand-held 
whirlybird,  or  a  hydroseeder.  Drill  seeding  is  best  done  with  a  rangeland-type  drill,  preferably 
equipped  with  multiple  seed  bins  and  some  mechanism  to  cover  the  seed  and  compact  soil 
around  it.  If  the  revegetation  plan  specifies  both  drill  seeding  and  broadcast  seeding,  the  area  for 
each  method  should  be  determined  so  that  the  total  amount  of  seed  can  be  calculated. 


3.4.3.3  Seed  Acquisition 

There  are  hundreds  of  seed  companies  located  throughout  the  United  States  (USDA 
NRCS,  2001)  although  the  number  of  seed  companies  selling  seeds  of  species  adapted  to  arid 
lands  is  limited  and  it  may  be  difficult  to  select  just  one  that  carries  all  of  the  seed  that  you  need 
for  your  project  (Currans  et  al.,  1997;  Sowards  and  Balzer,  1978).  The  first  and  usually  most 
reliable  way  is  to  contact  colleagues  for  their  recommendations.  The  list  may  also  be  shortened 
by  simply  selecting  those  companies  in  a  particular  ecological  region.  Seed  companies  in 
Wyoming  may  not  carry  or  be  interested  in  species  appropriate  for  the  Mojave  Desert  and  vice 
versa.  It  is  preferable  to  select  several  companies  so  you  have  a  range  of  the  prices  and 
availability.  Contact  seed  companies  as  early  as  possible,  several  months  in  advance,  if  not 
earlier.  Early  contact  assures  acquisition  of  the  seed  needed,  and  equally  important,  it  allows  the 
seed  company  sufficient  time  to  acquire  the  seed  if  it  is  currently  unavailable.  It  is  often 
advantageous  to  contact  the  seed  companies  prior  to  the  harvest  of  the  current  year’s  seed  crop. 
They  will  know  the  projected  harvest  for  the  year,  whether  a  good  year  or  bad  year  is  anticipated, 
which  may  affect  availability  and  cost. 
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There  is  certain  information  to  ask  each  company:  (a)  use  PLS  as  a  standard  unit  of  measure,  not 
bulk  (PLS  =  bulk  weight  x  percent  purity  x  percent  germination)  (Bishop  and  Bunter  1999); 

(b)  confirm  the  species  by  scientific  name;  (c)  obtain  cost  per  PLS  basis;  (d)  confirm  the 
availability  of  the  seed — is  it  in  the  warehouse  now  or  are  you  betting  on  this  year’s  collection; 
(e)  confirm  that  amounts  are  available  from  the  same  lot;  and  (f)  confirm  the  location  of  the 
collection  and  try  and  get  as  much  detail  as  possible.  It  is  ideal  to  have  the  collection  in  the 
vicinity  of  your  site,  but  this  is  rare.  The  best  you  may  get  is  in  the  same  ecoregion.  There  are 
other  items  to  consider  such  as  shipping  costs  and  other  logistical  issues,  which  may  not  seem  as 
important  but  need  to  be  addressed.  The  final  selection  probably  will  not  be  based  entirely  on 
costs,  so  information  on  availability  and  location  of  the  collection  may  be  the  determining 
factors. 

Most  seed  companies  mix  the  seed  at  their  warehouse,  and  custom  mixes  are  common  usually  at 
no  extra  cost.  If  broadcast  seeding  is  the  method  selected,  seed  can  be  mixed  and  delivered  as 
one  seed  mix.  If  a  multi-bin  drill  seeder  is  being  used,  a  mix  of  the  heavier  seeds  and  a  separate 
mix  of  lighter  or  fluffier  seeds  (with  wings  or  appendages)  will  be  advantageous.  Specify,  in 
writing,  which  species  are  to  be  included  in  which  seed  mix.  The  seed  company  can  assist  in 
making  these  categorizations  if  necessary. 

Once  the  seed  company  is  selected,  the  seed  mix  finalized  and  custom  mixes  identified,  the  seed 
can  be  ordered.  A  set  of  specifications  for  a  seed  purchase  is  commonly  used  to  ensure  that  you 
received  what  you  ordered  (Hoag  et  al.,  2001).  Federal  and  state  seed  laws  require  the  majority 
of  the  information  on  the  seed  tag  {Item  4).  Common  seed  specifications  may  include  the 
following: 

ITEM  1 .  Weights  will  be  by  PLS. 

ITEM  2.  All  seed  purchased  will  have  been  tested  for  purity  and  viability  by  a  certified  seed 

laboratory  within  12  months  of  the  date  that  the  order  is  placed.  Proof  of  certification 
(i.e.,  name  of  seed  lab,  test  date,  and  test  results)  will  be  provided  on  the  seed  tag  or 
sent  to  you  at  the  time  of  shipping. 

ITEM  3.  All  seed  should  be  collected  preferably  from  near  your  location.  Seed  from  regions 
other  than  your  region  may  or  may  not  be  accepted.  If  the  vendor  has  no  seed 
available  from  your  region  for  certain  species,  they  must  consult  with  you  before  the 
seed  is  shipped  or  the  seed  may  be  returned  to  the  vendor  at  the  vendor’s  cost.  Even 
after  consultation,  acceptance  of  seed  originating  from  other  regions  will  be  at  your 
discretion. 

ITEM  4.  A  tag  listing  the  following  information  will  be  provided  for  each  species: 

•  Scientific  name  (variety  if  applicable)  and  common  name 

•  Lot  number 

•  Seed  origin,  including  county,  state,  and  elevation,  when  possible.  Must  identify 
the  state  at  a  minimum. 

•  Net  weight  (bulk  and  PLS) 

•  Pure  seed  (%) 
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•  Inert  matter  (%) 

•  Other  crop  (%) 

•  Weed  seed  (%) 

•  Noxious  weed  seed  (%) 

•  Germination  (%)  TZ-tetrazolium  or  fill/cut  test 

•  Hard  seed  (%) 

•  Date  tested 

•  Name  and  address  of  seed  company 

ITEM  5.  Seed  shall  not  contain  prohibited  noxious  weed  seed.  Wet,  moldy,  otherwise 

damaged  seed,  or  seed  without  verification  of  test  by  a  certified  seed  laboratory  shall 
not  be  accepted. 

ITEM  6.  Seed  will  be  mixed  and  packaged  in  durable  bags.  Bags  will  be  of  woven  plastic  or  a 
material  that  will  allow  air  movement  through  the  bag.  Individual  bags  will  not 
exceed  22.7  kg  (50  lb)  in  weight. 

ITEM  7.  Seed  will  be  provided  for  the  following  species  in  the  amounts  specified. 

•  Seed  will  be  separated  into  two  different  mixes:  one  labeled  heavy  seed  and  one 
labeled  light  seed.  For  example: 


HEAVY/HARD  SEED 


Scientific  Name 

Common  Name 

PLSkg 

Atriplex  confertifolia 

Shadscale  saltbush 

14.5 

Ephedra  nevadensis 

Nevada  jointfir 

9.80 

Lycium  andersonii 

Anderson’s  wolfberry 

0.70 

Picrothamnus  desertorum 

Bud  sagebrush 

0.40 

Achnatherum  hymenoides 

Indian  ricegrass 

11.2 

Elymus  elymoides 

Squirreltail 

3.40 

Sphaeralcea  ambigua 

Desert  globemallow 

2.20 

LIGHT/FLUFFY  SEED 


Ericameria  nauseosa 

Rubber  rabbitbrush 

5.10 

Eriogonum  fasciculatum 

E.  Mojave  buckwheat 

1.10 

Grayia  spinosa 

Spiny  hopsage 

1.80 

Hymenoclea  salsola 

Burrobrush 

lit) 

Krascheninnikovia  lanata 

Winterfat 

16.3 
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ITEM  8.  Seed  will  be  delivered  to  the  following  address  between  dates  that  you  set.  Exact 

shipping  dates  should  be  confirmed  and  coordinated  with  Jane  Doe  (888)  123-4567  or 
John  Doe  (888)  012-3456.  The  shipping  address  is: 

Jane  Doe  /  John  Doe 
Company  Name 
Drop  Point  Bldg  23-790-1 
Receiving  Warehouse  1 60 
Someplace,  U.S.  12345 

3.4.3.4  Custom  Seed  Collection 

There  may  be  situations  when  seed  of  a  particular  species  cannot  be  procured  commercially.  If 
the  species  is  a  critical  component  to  the  success  of  your  revegetation  project,  there  are  a  couple 
approaches  that  may  be  taken.  First,  you  can  collect  the  seed.  This  may  seem  the  appropriate 
thing  to  do  if  dense  populations  of  the  species  are  known,  there  is  good  access,  and  the  work 
force  is  available.  There  are  other  considerations  such  as  when  to  collect  the  seed  (Chatterton 
and  McKell,  1 969),  how  to  collect  the  seed,  how  to  clean  the  seed,  and  where  to  store  the  seed. 
Timing  of  seed  harvesting  and  evaluation  of  the  current  year’s  seed  production  is  critical. 
Although  the  month  or  period  when  seeds  mature  is  known  for  most  species,  the  exaet  day  may 
vary  by  week  and  from  year  to  year.  For  some  species  it  is  critical  that  harvesting  be  completed 
within  days  of  seed  set,  for  other  species  within  weeks  or  months  is  okay.  In  conjunction  with 
seed  harvesting  it  is  important  to  know  the  status  of  the  seed  crop.  If  drought  conditions  or 
irregular  precipitation  patterns  describe  the  eurrent  water  year,  it  is  unlikely  that  plants  will 
produce  an  abundant  crop  of  seeds  and  those  seeds  that  are  produced  will  most  likely  have  lower 
germination  or  viability.  The  quantity  of  the  current  seed  crop  can  be  assessed  with  field  visits. 
Quality,  however,  is  best  assessed  by  a  certified  seed-testing  laboratory.  Testing  of  seed  early 
may  determine  whether  seed  harvesting  is  “worthwhile.” 

Seed  collection  techniques  vary  with  almost  each  species.  Some  seed  may  be  collected  with 
beaters  and  hoppers,  others  ean  be  vaeuumed,  others  with  makeshift  eombines,  or  even  some 
with  drop  cloths  and  shaking  (Plummer  et  al.,  1968).  Seed  collection  equipment  may  be 
relatively  simple  but,  for  the  most  part,  equipment  has  to  be  custom-made.  Seed  cleaning 
requires  specialized  and  potentially  expensive  equipment.  Frequently,  seed  cleaning  is  a  multi- 
machine  proeess  (Plummer  et  al.,  1968)  requiring  trained  machine  operators.  Some  seed 
companies  will  clean  seed  that  you  have  custom  collected  for  a  fee. 

If  there  is  some  hesitancy  in  getting  into  the  seed  collection  business,  the  other  option  is  to 
contract  with  a  seed  eollection  company  to  collect  and  clean  the  seed.  Some  of  the  seed 
companies  are  willing  to  perform  custom  collections.  A  contract  with  a  seed  eompany  ean  be 
written  in  a  couple  different  ways.  One  way  is  to  contract  for  the  services  of  a  seed  company  on 
a  ‘level  of  effort’  basis  (i.e.,  a  specific  number  of  hours,  days,  or  weeks).  This  method  would  be 
appropriate  if  locations  of  dense  populations  of  the  species  are  known  and  a  sufficient  quantity  of 
seed  can  be  collected.  However,  if  seed  location  and  density  are  unknown,  another  option  would 
be  to  contract  for  the  collection  of  a  given  amount  of  seed  (PLS  kg).  Most  likely,  the  cost  will  be 
very  high,  because  the  seed  company  is  taking  a  risk.  However,  if  the  species  is  a  critical  part  of 
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the  plant  community,  the  increased  cost  of  the  seed  may  be  justified.  In  future  years,  if  the 
demand  is  high  enough  and  the  seed  can  be  collected  from  native  populations,  seed  may  be 
available  “off  the  shelf’  and  probably  at  lower  prices  (Dunne,  1997). 


3.4.3.5  Handling  Seed 

Seed  moisture  and  storage  temperatures  are  probably  the  most  important  factors  affecting  the 
long-term  viability  of  seed  (Young  et  al.,  1978).  For  each  1  percent  reduction  in  seed  moisture, 
the  life  of  the  seed  is  doubled  and  for  each  5°C  reduction  in  seed  temperature,  the  life  of  the  seed 
is  doubled  (Young  et  al.,  1978;  Kay  et  al.,  1988;  Lippitt  et  al.,  1994).  Although  there  are 
qualifications  to  these  two  statements,  seed  storage  should  be  around  0-5°C  with  less  than 
14  percent  seed  moisture. 

Airtight  metal  or  glass  containers  may  be  advantageous  over  plastic  porous  bags  if  temperature 
and  humidity  are  controlled.  Other  precautions  should  be  made  to  protect  seeds  from  insect 
damage  that  can  destroy  up  to  25  percent  of  the  seed  per  year,  depending  on  the  species. 
Treatments  may  include  the  use  of  fumigants  in  areas  where  seed  is  commonly  stored  for  long 
periods  of  time.  Rodents  and  other  granivores  can  pose  problems  and  precautions  must  be  taken 
to  store  seed  in  containers  or  buildings  that  are  free  of  rodents  and  seed-eating  insects  (USD  A 
Forest  Service,  1979a). 

The  time  that  seed  is  stored  before  it  is  used  should  be  held  to  a  minimum  (i.e.,  short-term 
[weeks/months]  storage  is  preferred  over  long-term  [years]  storage).  Seed  for  a  particular 
revegetation  project  is  best  delivered  weeks  before  the  seeding  date.  During  this  short  period  of 
storage,  the  key  factors  to  consider  are  protection  from  rodents  and  moisture.  If  seed  is  to  be 
stored  from  one  season  to  the  next,  more  stringent  storage  conditions  need  to  be  followed.  This 
may  include  airtight  containers  and  temperature-controlled  rooms. 

Storage  conditions,  for  both  long-  and  short-term  storage,  vary  with  each  species  (Stevens  et  al., 
1981;  Welch,  1996;  Welch  et  al.,  1996).  Consult  seed  companies  and  universities  (University  of 
Arizona,  San  Diego  State  University,  Colorado  State  University,  and  University  of  Nevada 
Reno)  for  recommendations  on  suggested  storage  conditions  for  each  species.  Though  the  goal 
of  the  National  Seed  Storage  Laboratory  in  Fort  Collins,  Colorado,  is  to  preserve  seed  rather  than 
store  it  (http://www.ars-grin.gov/ars/NoPlains/FtCollins/nsslmain.html),  they  may  have  useful 
information  on  the  storage  requirements  for  a  particular  species. 

Another  important  practice  is  to  label  seed  containers,  whether  bags,  boxes,  cans,  etc.  The  label 
should  contain  sufficient  information  to  indicate  which  species  are  in  the  container,  the  date  the 
seed  was  delivered,  a  copy  of  the  seed  tag  sent  by  the  vendor,  and  other  pertinent  information.  It 
is  advantageous  to  maintain  a  file  of  seed  mixes.  The  information  can  be  useful  for  future  seed 
procurements  and  may  be  important  in  evaluating  seed  performance. 


3. 4. 3. 6  Timing  of  Seeding 

Seeding  should  be  completed  at  a  time  during  the  year  that  will  maximize  the  effect  of  natural 
precipitation  patterns  and  during  a  period  when  soil  temperatures  are  favorable  for  seed 


61 


germination  and  seedling  establishment.  This  is  known  as  a  seeding  “window.”  These  seeding 
windows  naturally  vary  from  site  to  site  (Environmental  Researeh  Teehnology,  Ine.,  1981).  For 
the  arid  southwestern  deserts,  two  seeding  windows  might  be  considered.  One  would  be  in  the 
late  fall  or  early  winter  prior  to  winter  and  early  spring  precipitation  and  the  second  could  be  in 
the  late  summer  or,  even  early  fall,  prior  to  or  following  summer  monsoons.  The  first  window 
would  favor  species  that  germinate  at  lower  soil  temperatures  (cool  season  plants)  and  the  latter 
would  favor  species  requiring  higher  temperatures  for  germination  (warm  season  plants).  In  the 
desert  regions  of  the  Great  Basin,  the  seeding  window  is  in  the  fall  prior  to  winter  precipitation. 
In  the  northern  Sonoran  Desert,  the  seeding  window  may  be  in  late  summer  during  or  following 
the  summer  monsoon  period.  These  seeding  windows  are  determined  by  average  precipitation 
and  temperature  patterns  for  the  site.  Optimal  conditions  are  not  going  to  occur  every  year,  in 
fact,  they  may  occur  in  only  two  out  of  six  years  in  the  Mojave  Desert  (Wallace  et  al.,  1980). 

Selecting  a  seeding  window  can  also  be  used  to  promote  the  successful  germination  and 
establishment  of  certain  species  (Williams  et  al.,  1974;  Young  et  al.,  1984).  For  example,  the 
optimum  soil  temperature  for  the  germination  of  creosote  bush  seed  is  26°C  (Barbour,  1968; 
Ackerman,  1979).  Thus,  selecting  a  seeding  window  when  soil  temperatures  were  around  26°C 
would  favor  the  germination  and  eventual  establishment  of  creosote  bush  over  other  species  such 
as  white  bursage,  which  germinates  at  lower  temperatures  (Kay  et  al.,  1 977). 


3.4.3. 7  Seed  Pretreatment 

Pretreatment  of  seed  may  include  washing,  chemical  treatments  to  break  seed  dormancy,  or 
mechanical  treatments  to  remove  seed  appendages  or  weaken  the  seed  coat.  Dormancy  of  seeds 
is  a  major  concern  for  a  revegetation  project.  Dormancy  has  evolved  over  time  as  a  means  of 
ensuring  that  the  plant  will  only  germinate  under  conditions  that  favor  long-term  survival.  It  is 
difficult  to  meet  those  conditions  in  normal  reseeding  procedures.  Dormancy  may  be  due  to  the 
formation  of  specialized  seed  coats  that  aid  in  dispersal,  chemical  inhibitors  that  must  be 
removed  from  the  seed  or  altered,  and  internal  chemical  pathways  that  must  be  stimulated  before 
germination  can  occur.  Some  inhibitors  may  be  removed  from  the  seed  by  sufficient  leaching  by 
water  (Ostler  et  al.,  2002;  see  Appendix  9-2)  or  through  biochemical  degradation  of  chemical 
inhibitors  by  soil  microbes,  animals,  or  the  seed  itself  These  processes  may  require  weeks  if  not 
months  in  order  for  germination  to  occur  (Hansen,  1989). 

Many  native  seeds  have  specialized  appendages  that  aid  in  natural  seed  dispersal,  but  become  a 
hindrance  to  mechanical  seed  distribution.  For  example,  winged  seeds  of  many  of  the  saltbushes 
(Atriplex  spp.),  burrobrush,  greasewood  {Sarcobatus  spp.)  hopsage  (Grayia  spp.),  and  others 
quickly  plug  seed-bin  apertures  unless  they  are  dewinged  during  the  seed  cleaning  process.  Even 
the  micro-appendages  on  white  bursage  seed  can  be  “sanded”  down  so  they  move  more  freely 
through  drill  seeders. 


3.4.3.8  Seeding  Calibration 

Any  seeding  method  selected  should  optimize  the  potential  for  good  seed  germination  and  plant 
establishment.  These  goals  are  accomplished  with  a  uniform  distribution  of  the  seed  over  the 
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y.ood  sccd-Eo-H>iE  C4:inl^[  Bnd  ptriopcr  seed  coveragL^  wilJli  sui9.  Sic{;d  d  isLribuEiojj  rniLEt 
ti)ti>^^Mi£idt;faitio(i  &v«d  sizes  and  sbap«s,  especially  if  broadcast  w  drilE  seeding  is  tlw  nnetlxKl  of 
dislribution.  Lighter  seed  hsve  diCf  ctent  distributiarv  pstlems  Ihiin  Ke^ivier  seed.  wtuMi 

applied  by  handt  lirplatw,  -or  a  drill  seeder  (Figare'  3-1  5}- 

E.ightcr,  I'luil'Eicr  seed  may  e^rn  drifL  Enim  Ihr  intcoided  IudsfiIichi  and  heavier  seed  may  be 
tcincenlrol  ed  iirrmnd  ihe  sotircc  J.c  hfmd  nr  spreadef).  For  arHsft-s  'w  jih  Ehjw  relief  and  *  iv*ly 

even  KLufaei:,  Ihc  use  of  a  dni]]  soeder  wilh  mullipEc  seed  bins  otfem  several  advantage!;.  Seeds 
CiUt  bi  oidercd  and  niiK£d  by  triass  (e.g.,  heavy  juid  hgltl  or  Eltifiy  si^|i.  Bins  dn  a 
drill  seeder  usually'  are  equipped  to  acennimcdate  I^LeaJ  agfi^ultumi  seed  such  aa  alfalfa,  wheal, 
rum,  cic..  amd  are  best  adapted  fur  the  heavier  native  ±H;ed  {c.g.,  [ndian  ricegrass^  liewinged 
atrjplexcj!,  ephodni,  senna,  and  fnrbs  Kueh  a.s  gEohcmatIkiw).  <hie  bin  nn  the  typical  rangeland 
drill  seeder  awommudales  the  lighter  or  bulkier  sc^edsK  such  as  winierfaL  rabbitbrushes.  and 
soflw  of  ilw  i^jss  ssed  &ikI:i  as  galleta.  TIk  bins  have  wider  openings  and  wsualiy  have  picker 
wherls  that  pull  ihe  seed  intu  tubes  fimneling  the  seed  In  within  inuhes  ufLhe  soil  stirrate;.  thus, 
little  is  lost  to  wintt.  Apertures  on  seed  bios  can  be  adjusted  so  seeding  rates  for  the  two  bins  art 
cquivaknE  thus  providing  an  even  distribution  of  both  heavy  and  light  seed. 

SreiMling  rates  for  the  heavier  seed  is  us^ially  going  to  he  different  tlian  the  seeding  mte  lor  Ute 
lighti-'r  seed.  :Sccding  eallhration  is  a  must  heldre  seeding  begins.  For  broedcast  seeding, 
whether  by  hattd  or  witii  a  nireciiaiiical  seed  distributor,  it  isdillkalt  to  calibrate  other  than 


bigarri-lS.  flully  wtds  (A  -hdl)  und  heavy  aecds  (U  -right  |  bwie  iliffertat  prrpertieii 
lhal  require  Ifaeir  separation  into  dlffrrenl  mixtures  whJIe  seeding. 


iiinybtf  deiemiiEttng  the  bulk  seed  to  be  used  for  a  given  section  of  ihie'  site  and  dwtt  weigh  It^g  the 
sead  and  ^leeditigtlie  sile  section  by  lusction.  With  drill  seeders  the  calibration  proceiu!  is  much 
moTC  precise  ( FTatt  and  Ftasmussen,  JtiO  I ).  1'he  number  of  bu  Ik  and  PLS  kg  of  seed  bcirig 
distrib'iite'd  by  tlw  (frill  seeder  cm  bo  dctetmijied  as  welJ  as  the  rate  by  seed  bin,  A  couple  of 
common  tccfuitqucs  are  used  tor  seed  dritl  calibration.  .A  larp  of  known  length  can  be  spreitd  on 
Ibe  ground  and  the  drill  seeder  driven  over  Ihe  larp.  The  seed  is  then  collected  and  weighed. 


The  area  needed  is  delcrmiimJ  (nulliptyinj:  Lhc  leragjth  uf  ihe:  tarp  by  the  widnh  af  Lhti;  driL[ 
M»eder,  thus  oblaiflLna  a  weight  of  seed  distribiiiled  tef  a  given  area,  whieh  ew>  then  be  used  tp 
raJcLilalc  kg  oi'scedj''ha  |thc  oi'tfic  seeder  vibralbig  as  it  buunees over  ihe  sail  Siirfat;^  is 

usual  ly  igiKiKd,  lllese  effecls  ean  inf  significant).  [ flha  goa  I  was  12 .4  PT.S  Itg  nf 

sccd^af^O  PUS  lbs.  of  ifxd/acTc),  bulk  kg  eif  seed  must  be  crnivcried  to  PLS  kjs  {the  infunnaLioii 

[c  make  [he  ecmversion  is  noitnally  on  the  seed  tag,'). 

Ilril]  seeders  with  several  hbis  with  feeder  tribes  ofT  ot'eaeh  bin  eon  be  eoJibraled  with  grciiLer 
precision.  Colleetiodi  Iwlltci  ate  attached  to  each  feeder  tube  or  a  representative  nunihcr  of  the 
tubes  (5U  percent,  at  IcoatU  The  drill  seeder  is  opemied  fbra  given  distance  (-e.g..,  i(X>  m),  the 
seed  collected  in  the  bottles  is  weighed  and  a  per  heCture  rele  Jetenuinedl.  Seed  bin  apertures  OF 
pulley  wheels:  can  be  adjrustcd  la  attain  the  carrecl  seed  rate  fbr  each  bin. 

The  plBLenHnl  of  Ibc  seed  in  the  sail  i:i  equally  crilical.  A  lailii  of  thumh  i^  tO  place  tlK  at  a 
depth  appraximatcly  three  tEmes  it,s  diairKter.  Finr  small  seed,  such  os  sagebrush  {Artaitiisin)  omd 
blucgrass  f/W)  sprcics,  this  may  be  O.CiiJ  cm  (0.25  in),  fur  kirgra"  roaxinntm  dcptlis  atC 
alKiut  1 .25  cm  (0.-5  m)  (Plummer  et  aU  1968>,  Seed  depth  can  be  adjusted  with  a  langeland  dnl( 
seeder.  C'fthcr  methads  me  Jude  drag  chains  (Figure  3-l6)i,  harrows.,  etc.,  tb^COVCTthe  ih  a 
nioK  riHJcloni  method,  and  assuftici  that  som?,  hth  anjt  alh  of  die  sced-^  wi|J  he  eovered  tn  the 
proper  depth. 


TE  I  b.  Ilritl  SEtdtr  diipcrMingt.  iWEsI  4hi  [he  g^riihl  With  ctialua 

d  ramiag  oi  lhc  swl  surface  to  cever  the  Kcd, 


Once  seeds  ttrt  evenly  disiribuijcd  over  the  site  and  at  the  proper  depth,  it  is  important  to  firm  the 
soil  arnond  lhc  seed.  Packer  wbccts  can  be  attached  bchiitd  the  seeding  tubes  of  the  rbill  seeder. 
The  wheels  press  ai>d  pack  the  soil  around  the  seeds.  IfirrigAlion  is  to  be  used,  tlte  Rrst 
applic9lioni>  of  water  mey  be  aufficicnE  ta  compact  the  boac  soil  pairticles  aruLmd  the  seeds. 
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3.4.3.9  Minimize  Predation 


Seed  and  young  seedlings  are  both  easily  lost  if  not  afforded  protection.  Seed  has  been  observed 
being  harvested  by  birds,  ants,  and  nocturnal  rodents.  There  are  a  few  precautions  that  can  be 
taken  to  minimize  the  impact  from  harvesting  animals,  but  their  effectiveness  has  not  been 
demonstrated.  The  first  measure  is  to  ensure  that  seeds  are  covered  during  the  seeding  process. 
This  may  keep  some  animals,  particularly  ants,  from  accessing  the  seeds.  At  one  time  treating 
seed  with  chemical  deterrents  was  a  common  practice  (Plummer  et  al.,  1968;  Bainbridge  et  al., 
1998),  but  such  practices  now  are  not  recommended  unless  deterrents  are  environmentally  safe. 

If  seeding  windows  at  a  site  are  flexible,  the  timing  of  seeding  could  be  adjusted  to  correspond 
with  times  of  the  year  when  harvesting  animal  numbers  are  low  (i.e.,  species  are  dormant  or 
migratory).  Ants  may  be  diverted  from  newly  seeded  areas  by  using  caches  of  cracked  (not 
whole)  wheat  (Bainbridge  et  al.,  1998)  and  mulches  can  be  used  to  physically  hide  the  seed  from 
harvesters  or  make  it  difficult  for  them  to  get  to  the  seed  (Bainbridge  et  al.,  1998). 

After  germination,  young  seedlings  are  very  vulnerable  to  grazing  animals.  Rabbits,  burros, 
horses,  etc.,  can  quickly  render  a  successful  revegetation  site  a  failure.  Fencing  is  essential  in 
almost  all  situations  (Section  3.6,  “Grazing  and  Weed  Control”).  It  may  seem  unnecessary  and 
expensive  during  the  planning  phase  but,  without  it,  failure  is  almost  a  certainty  for  most  sites. 

3.4.4  Special  Considerations 

Special  considerations  may  be  required  during  custom  collections  or  collection  of  rare  plant 
species.  Prior  to  custom  seed  collections,  whether  being  made  by  a  seed  company  or  yourself, 
consideration  must  be  given  to  land  ownership.  Permits  may  be  required  to  harvest  native  seed 
from  public  lands  (e.g.,  state  or  federal  lands).  If  areas  of  seed  collection  are  on  public  lands, 
appropriate  approval  should  be  obtained  from  the  respective  federal  land  management  agency, 
(e.g.,  Forest  Service,  BLM,  or  state  agencies).  Although  it  is  unlikely  that  private  landowners 
have  a  written  policy  on  seed  collecting,  they  should  be  given  the  same  courtesy  as  public 
landowners. 

One  other  area  of  special  consideration  would  be  harvesting  seed  from  plant  species  that  may  be 
considered  rare,  threatened,  or  endangered  by  federal  or  state  agencies.  There  are  special 
requirements  and  permitting  for  the  collection  of  plants  that  are  federally  listed  as  threatened,  or 
endangered.  Many  state  agencies  maintain  a  list  of  rare  or  sensitive  plants  and  these  same 
agencies  may  require  permits  to  harvest  seed  from  species  on  their  lists.  In  addition,  local  offices 
of  federal  agencies  may  also  have  special  requirements  to  harvest  seed  of  rare  plants. 

3.5  PLANTING 

Transplanting  container-grown  stock  during  revegetation  projects  is  a  common  practice  and 
offers  several  advantages.  Although  considered  more  costly  than  seeding,  transplanting  does 
provide  an  immediate  and  usually  sustainable  plant  cover.  Transplanting  minimizes  the  risks 
associated  with  seed  germination  and  early  plant  establishment,  both  of  which  are  usually 
accomplished  in  a  greenhouse  under  optimum  conditions.  Although  there  is  a  risk  of  plant 
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wlien  they  are  ttsed  (1$  opfoeed  to  seeding. 

Objectivsa 

n»e  objective  of  planliiig  is  to  esSablish  a  qtikk  vegetative  cover  try  (miispbriting  pbni.^  ihai  arc 
already  equivalent  in  sbe  and  biumass  Eu  nnc-lo-liiFee-yeur-utd  plants  grown  under  naluttl] 
cvtnditioos-  Flatting  bypatscs  the  criEktal  st*tgc  of  sfcdting;  cslabLishmcnr,  whioh  La  very  diilicult 
in  arid  envirnnmcnl^.  I'ticac  tTanspiants  a1<«:  can  provide  a  ready  seed  Hmirce  because  they  are 
sufTicitifnI.v  itunue  (o  {produce  visible  seed  (F^ure  3-17}. 

3.d.2  Prlrtciplee 

There  are  several  principles  that  musi  bt  lollowcd.  for  successfol  iranapEantin^.  I  he  first  b  that 
plant  materials,  just  like  seerbs.  sboutd  be  iidapied  to  the  envjrOnrrient;^]  COirdiiiollS  Specific  Id  the 
site  to  be  rcvci^iatcdr  SeiedkiO  of  aebpred  .species  b  veiy  iniportanr  for  tive  IrHig-term  survival 
at  a  Mtc.  For  some  pnrjcutFi  where  gcnctio  inFcgrity  is  impnrtanL,  this  may  mean  scleof  iny,  plant 
material  grow-n  froat  seed  collected  in  the  icnniiediaie  vicinity  of  the  revegetetion  site.  Thb 
roqulTes  advanced  planning,  but  will  greatly  improve  the  possibility  of  SUCCeSSfilL  pbuit 


Figure  3-17.  Tivmsplaitrji  provide  a.  head  slirt  for  ptants  and  many  will  flower  and 
prvvide  ^teed  wtihia  llie  firsi  arsieeottd  year, 


[^!;tahlishmi?nl  and  Icing-tcnn  HurvivaJ.  If  commerciul  suurci'H  of  aidiipCed  pl^l^  Jini  mM  aVaildM^. 
tile  unal  process  10  obtain  siJe'jHlapled  plonls  tsiay  take  two  or  more  yews  ami  rttfuirep  eaipfiil 
plaimiEig  and  coord  in  at  ion  (Figure  3-1  li). 

Hahteiiing  utpljUiL  tiiareriaJs  is  as  essentia]  as  species  selection  to  acluecc  suitocss  m  plant 
c-Rtablishment.  'lire  handcinDg  pcoctrss  ptrqiam  plani  cnilcriiib  for  lHc  JldRih  ciHtdiliOils  of  its 
new  envirtnmeni  Few,  if  an^  ptanlSf  Wn  mate  die  adjusltcijiiiil  timm  jpieeithouse  eonditiofis  to 
site  conditions  without  proper  harden inji^ 

Profter  planliit^  lethn icpiei,  although  rao  tomplicaujd,  ftre  etilical  for  transplant  survival,  tn  arid 
teninos.  the  loost  critical  factor  is  prnper  soil  moisture.  It  is  imptiiTlanl  lhal  new  LrjuuiplanLs  have 
adequate  iftoisftitt  for  ttws  devefopiiwnr  and  eventual  plant  estaWishment,  Once  transplanicd 
onto  Ihc  profccl  site,  it  is  Important  to  protect  ihc  investment  trom  the  cicincnts  such  as  wind  and 
wutt;r,  DF  Eiom  herbivor^',  u  uiajarcauSc  df  tnuisphint  m0>rtii3ity.i  NeW  plailit  gtOVrth  'Seeins  iO 
very  palaiahlc  !tince  it  is  usually  devoid  of  natural  rcf^llauLs  suc.h  as  spines  and  toxins  and,  thus, 
VTjIncTdhlc  to  local  hcrhivorcs.  This  is  e^'cn  more  crilkaJ  when  gro'Mh  of  the  planis  in  UlC 
sumoiuiding  area  ts  uirnimal  and  the  new  transplants  arc  the  onli/  ibnflc  svaiUhfc. 

3.5.3  Techniques 

The  tcctiinu)uics  requ^d  tor  successfully  ptanting  and  establishing  transplants  may  be  diveded 
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Figure  3-18.  Exam  pie  of  a  typical  sdicJiik  far  ohti  iniag  sitc-adApted  pljots  Aud  monitarini^  UiFir 
nurrivil. 
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into  three  equally  important  phases;  (a)  acquisition  of  quality  plant  material,  (b)  proper 
implementation  or  planting,  and  (c)  protection  and  maintenance  after  planting.  As  mentioned,  all 
are  equally  important.  If  proper  planting  techniques  are  not  followed,  even  the  best-adapted 
plants  to  the  site  may  not  survive.  Or  if  young  transplants  are  not  protected  from  herbivores,  the 
investment  in  quality-adapted  plants  and  well-trained  planting  crews  will  be  lost. 


3. 5.3.1  Species  Selection 

As  discussed  in  3. 4.3.1  Species  selection  for  seeding,  the  selection  of  appropriate  plants  for  the 
site  may  be  the  most  critical  part  to  ensure  the  success  of  planting  at  your  disturbed  site.  Plant 
species  selected  should  be  adapted  to  the  environmental  conditions  of  the  site.  Selecting  species 
that  are  native  to  the  site  or  are  known  to  occur  in  the  vicinity  as  determined  either  from  pre¬ 
disturbance  plant  surveys  or  sampling  of  reference  areas  insures  that  the  species  are  adapted  to 
those  environmental  conditions.  Table  3-2  provides  a  list  of  commonly  available  species  that 
can  be  found  at  commercial  nurseries.  Sizes  and  availability  are  often  quite  variable  so  contact 
nurseries  early  to  obtain  what  is  best  for  your  site.  If  you  want  to  use  species  that  occur  on  your 
site  but  that  are  not  available  commercially,  then  you  may  need  to  arrange  to  have  them  grown. 
Figure  3-18  provides  some  guidance  on  how  long  this  process  may  take.  At  best,  it  will  take  one 
year  to  provide  tubeling-sized  plants  that  are  hardened  and  ready  for  outplanting,  so  planning  is 
needed  early  in  the  process.  Larger  sizes  will  require  two-three  years. 

If  seeding  is  going  to  be  used  as  well  as  transplants,  the  number  of  transplants  can  be  lowered.  If 
only  one  species  is  to  be  used,  the  number  of  transplants  may  need  to  be  increased.  Consider 
also  the  survival  of  the  transplants.  In  nearly  all  projects,  a  certain  percentage  will  die  during 
transplanting  and  never  establish  (Romney  et  ah,  1987).  So  a  higher  number  of  each  species  will 
be  needed  to  compensate  for  these  losses.  Common  survival  rates  range  from  50-90%  depending 
on  species,  irrigation,  and  herbivory.  If  data  are  available  on  the  transplant  survival,  adjustments 
(increases  in  the  number  to  be  planted)  may  be  possible  for  each  species  to  achieve  the  desired 
final  density. 

Once  species  and  the  number  of  each  species  have  been  determined,  it  is  time  to  contact  vendors. 
Sources  vary  from  state  to  state,  but  there  does  not  seem  to  be  a  large  number  of  commercial 
nurseries  growing  a  variety  of  native  plant  species.  Some  state  agencies  are  good  sources, 
primarily  state  forestry  departments.  Many  grow  plants  for  rehabilitation  of  state  lands  and  have 
a  variety  of  native  species.  With  species  and  numbers  in  hand,  the  vendors  should  be  queried  as 
to  the  cost  per  plant,  availability  of  plants,  age  of  plant  and  size  of  container  at  time  of  delivery, 
source  of  seed  used  for  plant  materials,  hardening  period  and  procedures,  and  delivery  charges  to 
the  site.  If  you  are  unfamiliar  with  the  nursery,  it  would  be  appropriate  to  ask  for  references  or 
examples  of  planting  projects  they  have  participated  in.  Once  information  has  been  gathered 
from  nurseries,  references  and  others,  select  the  final  species  to  be  used,  determine  the  number  of 
each  species,  select  a  vendor,  and  place  the  order.  Once  the  order  is  placed,  it  would  be 
appropriate  and  prudent  to  visit  the  nursery  on  occasion.  Inspect  the  plants  to  ensure  there  is 
good  root  development  and  size  and  vigor  are  good. 

It  is  important  that  a  physiological  hardening  of  the  plant  materials  occur  prior  to  shipment  to  the 
site.  Hardening  is  a  process  that  requires  about  two  to  three  months  to  prepare  the  plant  material 
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for  the  climatic  conditions  typical  of  the  site.  The  process  is  initiated  by  reducing  the  supply  of 
moisture,  altering  nutrient  balance,  reducing  (or  increasing  if  planting  in  summer)  temperatures, 
and  increasing  exposure  to  sunlight.  If  conditions  at  the  site  are  significantly  different  from 
those  at  the  nursery,  it  would  be  advantageous  to  site-harden  the  plants.  This  process  may  take 
weeks  or  months  and  is  not  accomplished  by  just  withholding  water  prior  to  planting. 

3. 5.3.2  Holding  Facility 

An  appropriate  holding  facility  should  be  prepared  well  in  advance  of  the  arrival  of  plant 
materials.  The  purpose  of  the  facility  is  to  avoid  or  reduce  moisture  stress,  avoid  excessive  heat 
or  cold,  protect  the  plants  from  mechanical  damage,  and  provide  a  convenient  staging  area  for 
transport  to  the  site.  The  holding  facility  should  consider  the  typical  dry  and  windy  conditions  in 
the  arid  regions  of  the  southwest.  If  plants  are  to  be  planted  within  a  couple  of  days,  the  holding 
facility  may  be  a  frame  with  shade  cloth  for  protection  from  direct  sunlight  and  some  type  of 
wind  barrier  to  minimize  the  effects  of  desiccating  winds.  In  almost  all  cases,  it  will  be 
necessary  to  ensure  that  the  facility  is  protected  (i.e.,  fenced)  from  grazing  animals. 

Well  in  advance  of  the  anticipated  planting  dates,  equipment  and  labor  will  have  to  be  arranged. 
Equipment  needs  are  relatively  simple.  If  planting  is  to  be  done  by  hand,  “sharp  shooter” 
shovels  (long  narrow-bladed  shovels),  picks,  small  hand  shovels  (garden  type),  gloves,  and  some 
means  of  transporting  water  to  the  site  (e.g.,  buckets,  bottles,  and  hoses  will  be  needed).  Planting 
may  also  be  done  using  motor-driven  augers.  Augers  are  effective  for  many  sites  but  have 
difficulty  in  heavy  soils  and  especially  in  rocky  soils.  If  using  augers,  it  is  always  wise  to  have 
two  augers  and  extra  parts  available,  primarily  the  tip  of  the  auger  bit,  which  can  wear  down  in  a 
matter  of  a  day  or  two  under  normal  working  conditions. 


3.5.3.3  Timing  of  Planting 

Timing  of  planting  is  best  when  soils  are  moist  and  temperatures  are  favorable  (i.e.,  not  too  hot; 
not  too  cold).  In  the  Great  Basin  Desert,  this  may  be  in  the  early  spring  months  (March  to  May) 
when  soils  may  still  be  moist  from  winter  snows  and  temperatures  are  generally  above  freezing. 
For  warmer  climates  in  the  Mojave  and  Sonoran  Deserts,  transplanting  may  take  place  during  the 
cool  season,  but  summer  plantings  have  also  been  shown  to  be  effective  for  some  species, 
particularly  if  plants  are  irrigated  (Bainbridge  et  ah,  1998). 

3.5.3.4  Implementation 

The  implementation  phase  is  as  critical  as  any  other  phase  of  the  planting  process.  Months,  if 
not  years,  of  effort  are  invested  in  quality  plant  material.  It  would  be  unfortunate  at  this  stage  of 
the  process  to  make  compromises  to  “just  get  the  job  done.”  To  ensure  that  good  planting 
techniques  are  followed,  it  is  important  that  the  planting  crew  be  trained  in  all  phases  of  the 
planting  process.  Safety  issues  should  also  be  addressed.  The  size  of  the  crew  needed  to 
perform  the  planting  will  vary  depending  on  the  size  of  the  area,  number  of  transplants,  and  site 
accessibility.  The  Nevada  Division  of  Forestry  runs  a  planting  crew  of  10  individuals  that  can 
plant  approximately  500  plants/day  or  about  60  plants/hour.  BN  completed  a  planting  project  in 
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central  Nnacb  Lismg  nwtnr-drivcn  and  a  crew  uf  sicven  aitd  planlifid  approhinSiliKl^ 

I OO  planfeTicdir.  The  crew  cunsistecf  of  fwo  @«g,cr  opcri^ioi^,  iliree  plwlcrs,  one  pcrsmi  tn 
watcr-in  the  plants,  and  s  ‘iij|»:rv'i!icn',  who  helped,  when:  needed,  when  aviailahLc.  The 
number  of  <.»peRVlorS  will  deperidini^  the  d|f31eulty  jii  atijgerii>^  holes  {Ki^uce-  3-1^)!, 
Torgoerd  non-tocky  sails,  one  operator  eouldi  driiJ  eaou^  holes  for  three  lo  four  pUnters.  The 
crtiw  may  alsd  rt«d  to  inolthk  persoiuwl  To  transport  the  ptams  tothe  planting  area  depending  no 
llte  distance  from  the  holding  faciliry.  With  this  baseJine,  ihe  onc^r  size  can  be  adjusted  to 
aciioiTinKiditie  the  number  of  plants  10  be  planted  aial  the  tinte  frame  for  planting.  FiTr  ot^ample. 
if  a  silc  b  small  (l.c.,  (1.4-IJ.S  ha  (1-2  acre);,  and.  Jensily  Is  aboLU  2„470  plai3ts<'ha 
l|  I.UVO  plaiits^'iicre),  then  a  minimum-size  crew  could  probably  plan!  the  sile  in  (werdajS-  Ifii 
critka]  that  all  the  plains  be  plaited  in  one  day,  sintply  dnubk  ihc  cr^rw  size. 


Fifurt  3-19.  Digging  boles  wilb  ■  power  auijer  (Tcftl  allows  tie  o(>rTator  la  proYide 
nulfkiant  lialeji  ind  beep  alkead  ikTIAe  (ktanllng  eoew  (>'hlhil>- 


Using  a  tnotnr-driven  auger,  a  hiole  la  cxcsvaled  Lo  a  depth  ihai  will  place  the  rtM.it  portion  of  IIr± 
traaiplanl  1 .25-2,?  cm  (0.5  w  I  ,M  hi)  behm'  the  suff3.ee.  The  auger  i-rpcrator  should  not  he  mcnnc 
than  a  few  holS:s  ahead  oflhe  phinttn^s;  Otherwi^.  soil  moiaturv  is  lost  rrtnh  llie  eKttaCEidd  snlls. 
The  plant  Khould  bo  earcfully  remnveMj  from  rho  growing  conlainer  so  the  root  plug  slays  in  tack. 
The  rcKit  plug.  Ls  placed  in  the  hole  and  soil  is  packed  rumly  aimind  it  and  on  lOp  t>f  it  (Figure  3- 
20).  Care  should  be  Taken  so  diere  are  no  air  pockels  around  ihc  root  plug  and  the  top  is  oovered 
Eo  prevent  tvaier  rnum  wiuking  up  through  the  plug,  in  cocky  soils,  core  should  be  taken  Lo  nut 
crush  ihe  roots  beLw™!  rocks. 

Flaming  on  steep  slopes  oDrrs  dilTccejit  challenges.  KlanlJng  should  begin  at  the  Lop  of  the  sk»pe 
and  work  across  and  down.  Positioii  of  planes  ini  steep  slopes  Ig  critical.  CLrTchmenT  basins, 
ahnul  d.3  no  (1  IT)  in  dlamct^,  often  help  slabltizc  ihe  slope.  Increase  innitrslion.  and  diierl 
moisture  to  ihe  new  iMnsplaELt.  A  shovel  or  ^%oedad”  (a  hoe  with  an  extra  heavy  and  long  blatfc) 
is  used  to  scrape  exefss  soil  limn  where  the  plant  is  to  be  planlE^d.  A  catchment  faasin  is  ihcn 
formed  and  the  bole  is  pusilioned  near  ibe  ouleredgC  of  the  basin,  but  below  the  lip. 
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I'igurt  £-20.  Intnsphol  is  luwrml  inlD  Ibc  Irah  (kH)  1u  minimue  nlwit  1'At 

Kpil  IM  rirmnl  >rtiund  Ihe  pJanE  (right]  la  rEmirvE  air  dad  EniurE  fCHid  Elrmlan  of  tht  Mill'  wllll 

tlic  'mots. 


If  soil  is  not  moisi  at  the  time  of  planlin^,  plants  sJiould  tK-'^VDtcrcd  in'^  (pLj^Lirc!  Tbe 

amutmi  will  depend  un  ifuipent  ^]l  tmdilions  and  time  of  plantin:^.  Usually  less  tlian  J-S-  liters 
(1  ^1  Ion  ]|  of  water  is  used  at  die  time  of  piatitinj'  per  each  plant. 


Flgaoe  .Vll.  l*lanlA  aj*^  wacered  30OJi  £ft«r  ptaatinff  to  settle  the  soil  arojcd  tbe 
plaot  And  tc  ensart  that  roofs  arc  noi  dam-Bijed  by  Jbe  adjiuEnt  ttrj'  xniL 


3.5.3.5  Plant  Pratsetion 

Protection  of  the  now  trtuispLtints  b  esseniJal  forplunl  estabJiEiJimt^nt  and  loitg-lernT  aurvivn].. 
Young  tiansplanls  do  med  have  die  McbohydraTe  reserves  to  sustain  grazing  or  tramplinit.  Tliey 
arc  [ypicalty  more  sueculcnL  and  lender  ihan  planla  in  liio  native  plan]  oomiottoiryH  apd  Juriilg 
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times  of  drought,  may  be  the  only  plant  material  available  to  animals.  Protection  from 
herbivores  is  almost  always  needed  (Bainbridge  et  al.,  1 998),  and  frequently,  from  desiccating 
winds.  This  is  discussed  further  in  Section  3.6,  “Grazing  and  Weed  Control.”  For  large 
plantings,  protection  may  be  for  the  entire  site  or  for  individual  plants.  Fencing  around  the  entire 
site  is  more  economical  if  it  is  possible.  Sand  (snow)  fences  can  be  strategically  located  to 
protect  young  transplants  from  moving  sands,  and  mulches  can  be  used  in  the  immediate  vicinity 
of  the  site  to  minimize  soil  erosion  and  the  potential  for  moving  sands.  Individual  plant 
protectors  may  be  more  labor  intensive,  but  because  of  terrain  or  future  use  of  the  site,  may  be 
the  only  effective  method  of  protecting  the  young  transplants.  Individual  plant  protection  could 
include  vexar  (plastic)  tubing  (Hansen,  1989),  wire  cages,  rocks,  or  plastic  shelters 
(Bainbridge  et  al.,  1998). 

Protection  from  herbivores  and  grazing  animals  is  simple  compared  to  protection  from 
desiccation.  In  arid  regions,  natural  precipitation  is  notably  variably  and  unreliable.  After  going 
to  the  effort  to  acquire  quality  plant  material,  the  investment  must  be  protected,  which  includes 
supplemental  watering.  Blanket  irrigation  of  mass  plantings  is  usually  not  feasible  because  of 
the  remoteness  of  the  site,  cost  of  transporting  large  volumes  of  the  water  to  the  site,  and  the 
ineffective  distribution  of  the  water.  Much  of  the  water  distributed  in  this  manner  is  lost  to 
evaporation  or  infiltration.  Watering  of  individual  plants  is  certainly  the  most  cost-effective 
approach.  San  Diego  State  University  scientists  have  evaluated  many  different  methods  of 
supplying  water  to  new  transplants  (Soil  Ecology  and  Restoration  Group,  restoration  bulletin  #6) 
and  results  of  their  work  could  be  adapted  to  individual  site  conditions.  The  amounts,  duration, 
and  frequency  of  supplemental  watering  can  probably  only  be  determined  by  monitoring  plant 
vigor.  Ultimately,  protection  from  herbivores  and  desiccation  will  be  left  to  the  plants.  The  time 
frame  for  this  transition  will  depend  on  specific  site  conditions. 

3.S.4  Special  Considerations 

Frequently  plant  materials  (transplants)  are  available  that  are  not  adapted  to  the  specific 
reclamation  site.  If  plant  materials  are  available,  but  are  not  adapted  to  site  conditions  (i.e.,  from 
seed  native  to  the  area),  they  can  still  be  used;  however,  the  potential  for  long-term  survival  and 
establishment  may  be  diminished.  Given  sufficient  lead  time,  another  option  is  to  make  custom 
seed  collections  and  have  a  nursery  grow  the  plants  from  your  site-adapted  seed.  The  first  step 
for  this  option  is  to  find  a  nursery  that  has  experience  with  native  plants,  has  the  proper  facilities, 
and  is  willing.  Establish  a  contract  with  them  to  produce  the  desired  number  of  plants  within  a 
given  time  frame.  The  contract  should  include  some  level  of  standards  for  the  transplants 
(i.e.,  stem  diameter,  height,  evaluation  of  vigor).  Next,  procure  seed  native  to  the  revegetation 
site  (see  Section  3.4,  “Seeding”)  and  provide  it  to  the  nursery.  Stay  in  contact  with  the  nursery 
by  monitoring  the  status  at  key  stages  over  the  course  of  the  period  of  performance.  Do  not  wait 
until  the  plants  are  due  for  delivery  and  find  out  that  none  of  them  have  germinated. 

Another  common  method  of  obtaining  native  plant  material  is  through  salvage  operations. 

Federal  and  state  agencies  often  have  land-disturbing  activities  from  which  plants  may  be 
salvaged  usually  on  given  days  prior  to  the  planned  disturbance  (typically  a  pipeline  or  right-of- 
way).  Contact  local  offices  to  determine  if  they  participate  in  plant  salvage  operations.  Not  all 
species  tolerate  salvaging  and  transplanting,  so  it  is  important  that  species  that  can  be  salvaged 
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are  identified  and  time  is  not  wasted  trying  to  salvage  species  that  will  most  likely  die.  Plants 
may  also  be  salvaged  from  your  sites  prior  to  disturbances. 


3.6  GRAZING  AND  WEED  CONTROL 

On  many  project  sites,  successful  revegetation  is  not  possible  unless  one  controls  grazing  and 
weeds.  Young  seedlings  or  new  transplants  can  be  lost  in  a  very  short  period  of  time  without 
proper  protection.  Weeds,  if  allowed  to  persist,  can  out-compete  the  desirable  species  on  a  site 
and  create  problems  for  even  the  surrounding  undisturbed  areas.  Understanding  the  potential  for 
loss  and  implementing  control  techniques  early  is  often  a  very  important  part  of  a  successful 
revegetation  project. 


3.6.1  Objectives 

The  objectives  of  grazing  and  weed  control  are  (a)  to  protect  young  plants  and  seedlings  from 
herbivory,  which  is  extremely  damaging,  until  plants  are  well  established  and  (b)  to  reduce 
competition  for  resources,  particularly  soil  moisture,  which  is  critical  in  arid  environments. 

3.6.2  Principles 

Most  resource  managers  recognize  that  large  grazing  animals  can  consume  a  tremendous  amount 
of  biomass.  They  can  be  particularly  destructive  to  newly  revegetated  areas  because  the  plants 
have  not  developed  a  good  reserve  of  energy  stored  in  their  roots  which  would  allow  them  to 
re-sprout  after  shoots  are  removed.  Grazing  of  cattle  may  be  limited  on  many  DoD  or  DOE 
sites,  but  it  is  still  common  on  BLM  and  private  land  holdings.  There  are  other  large  herbivores 
such  as  burros,  wild  horses,  deer,  and  antelope  that  also  can  create  significant  impacts  to  areas. 

In  addition  to  these  large  mammals,  less  obvious  animals  such  as  rabbits,  other  small  mammals, 
birds,  and  ants  can  cause  tremendous  impacts  on  revegetation.  Grazing  by  rabbits  and  hares  has 
been  the  single  greatest  cause  for  failure  of  seedings  on  some  reclaimed  sites  (Kay,  1979; 

Kay  and  Graves,  1983).  Small  mammals  such  as  kangaroo  rats,  deer  mice,  etc.,  can  consume 
large  amounts  of  seed.  Reichman  (1979)  documented  that  rodents  consumed  over  80  percent  of 
seed,  either  buried  or  on  the  surface,  within  24  hours  of  seeding.  Over  a  period  of  days,  this  can 
nearly  eliminate  all  of  the  seed  that  is  used  at  a  site.  Ants  can  also  remove  large  quantities  of 
seed  that  is  on  the  soil  surface,  however,  unlike  rodents,  they  do  not  dig  for  seed  that  is  buried. 

In  the  same  study  of  rodents,  Reichman  (1979)  found  that  ants  took  only  45  percent  of  the 
surface  seed  and  none  of  the  buried  seed  within  the  24-hour  study  period.  Birds  are  also  known 
to  gather  seeds  from  the  surface  of  the  soil.  In  dry  years  when  other  food  sources  are  limited, 
they  may  consume  not  only  seed  but  also  new  seedlings  as  was  documented  in  a  newly  seeded 
area  at  Fort  Irwin,  California,  in  2002. 

The  effects  of  grazing  have  been  documented  for  both  transplanting  and  direct  seeding.  At  the 
Nevada  Test  Site  (NTS),  fencing  increased  transplant  survival  twofold  from  23  percent  to 
42  percent  (Hunter  et  al.,  1980).  Survival  increased  even  more  in  a  study  by  Clary  and  Slayback 
(1984)  in  Califorma  with  unprotected  plant  survival  averaging  only  10  percent  while  protected 
transplant  survival  averaged  75  percent.  Studies  on  the  effectiveness  of  rabbit  fencing  by  DOE 
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Moiintjlin  al  the  NT^  sp^ies  douMity  was  impnnvcd  signiticanlly  increasing 

Irmni  '-^  Kccdlings/'m'  nn  unfcnccd  phils  lo  >7  cm  renccd.  plcCa  (Winkcl  el  ut.,  1999). 

Vegetative  cover  also  shcu^  a  significani  ineresse  w  Tcnccd  pkH-5-  One  after  sKcdin^ 
cover  on  the  uoitmeod  pld^  averaged  3.6  pereent  while  the  fenced  plots  aivciaged  Si.5  pereenL 
Dy  the  soctNid year  after  seeding  Ute  unfeifced  pluHs  avn^gcd  9.9  percent  cover  while  the  fenced 
plant  averaged  1 5.4  percent. 

Out  lecliimiiiim  triads  ai  Fort  Erwb,  CtalifijniiaH  sltow^  that  reirctng  vva^  imperative  to  es(ab)js4t 
plants  ftnin  seed.  l3«isJty  of  utifcaocd  picrts  averaged  I.'?  pJarit^m^  after  two  giDwing  seasons 
while  density  of  fenced  plots  averaged  6.7  plants/in^  f  Figure  3-22^  Studies  From  etnrlnil  Nevndft 
also  show  the  impact  of  rabbit  herbivory  on  seedling  cstablishmenl  (Fi^rc  3^]S3).  After  IK 
nwnlhs,  seedling  density  inside  ihe  fence  averaged  52.7  seedJmgs/ni^  whi  lie  oulsitk  densilies 
avvT^t®^  21 ,0  secdJingSiW,  L.jving  cover  of  plant?;  rnsiclc  tftt  Hence  aven^^pd  2 1  percent  while 
living  onvrr  nuLsidc  ihe  fenec  averaged  only  2.3  percent. 

Weeds  can  cotiipeie  with  the  uativt  species  tryii%  to  estahltidi  onsite.  Weeds  are  very  4J^c;iaive 
and  often  gcrminalc  caiiy  and  Temnve  water  fnim  the  upper  anil  layers  restri cling  or  even 
prohibiting  seed  genninstiofi  of  seeded  species  {Mall  etaL  1999).  Even  when  you  ore  plarding 
containcri/ed  plants^  Jtced.s  will  often  establish  advent  Do  the  transplant  and  utilize  valuable 
waier  and  nutrients.  Executive  Order  13  1 12,  /rr^tvahv  Speciety  sUites  ihtii  federal  agencies  will 
develop  stnrtcgies  to  limit  invasive  speeks  on  their  Lands.  Aggre^’^i've  inva.sive  species  can  easily 
oul-eumpele  irtany  lulive  species  in  newly  reclaimed  sites.  These  can  thm  spread  ft>  adjacent 
area.^  cau.sing  ](KS.tes  in  [troduciivity  amd  divei^rcy  on  a  ]anid.seape  scale.  Weeds  will  invade 


PilpirE  J-2^  ( rntixtnictiiHi  nf  fcnceii  ploOi  >1  Fort  Irwia.  t  'alilDraia,  which 
resahed  in  fteeater  plant  densky  and  cevtr  than  in  nifenccd  pbla. 
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Flgurt  3-33.  F'TnccNw  ctntraat  illustratltig  the  efftet  «f  coiilina^llBf'  Icrb^vutry  by  JvbhH:i  ii  etuti'al 
Nevada  Bfleroae  Tl»t:^kil  arta  »w  ibe  right  avcrag«4  3U  i^crttfti  trufw  irhifc  the  imdeil 
■nd  inprolcctcd  arts  an  Ibe  left  avtrap^  only  SJ'  pcnctnl  e«vtr< 

di5iurti«<t  sites  quite  rapidly  ajid  if  sites  ajiv  twt  rrvegetated  protnpuly  after  being  disturbed, 
weedii  will  Iscecinnc  eslablishcd.  and  will  be  very  ditficn  il  to  eliminate. 


S£k£>5'  has  restsuvh  prujecis  lu  invesligate  new  Lechiliqijes  to  idealEify  weed  inrestations  EhrtHigh 
hypcTiipcctral  techniques  and  other  renutte-sensing  techniques.  They  also  have  pmjecte 
invesllj^litig  biulogical  and  miegraled  cckiItd]  liectink|ues  te  cunlml  weeds  as  well  as  tn 
determine  the  su-sccptibility  of  are*?  to  inv^km  ofaninial  weeds  ;wid  ways  to  predkt  and  contiol 
future  invasHHi  i'www.serdjj.ona'FCBcajchi^'cafnBervation.Jittnh 

www\e™f.col.ostate.et|uiT?,ES';nel/MrtIMf\J?*.h^^^ 


Tochnitfues 

3.6.3.'t  Grazing  Controt 

(Jibing  is  most  often  oontrol  hed  by  ferKing  13k  revegetated  area.  For  laige  animals^  this  irtay  be 
a  [hiee-slrand.  turbed  wire  fence.  I'  or  laJbbils^  3.5-5.d  cm  (1-2  in)  mesh  chicken  wire  (thin  wire 
woven,  into  hexagonal  patterns)  is  itiofrl  often  used.  This  needs  to  b«  buried  at  least  15  cm  (6  in) 
so  that  rabbits  do  not  go  under  ibe  (once  and  b1  iea.sl  I  m  (3  ft)  high  to  prevent  them  ftom 
Jumping  over  the  tenee  (Figure  3-22).  In  rocky  conducUe  for  uoiching,  rock^  can  be 

placed  on  the  bottom  of  chlekon  wire  flared  to  the  oujlstde  of  the  site. 
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Transplants  can  aLio  he  pimtcdcd  hnm  grazing  both  by  Jarge  anirnai!!  anil  Tahhhs  hy  pnobj^ctive 
lubcii  ullen  t:a1lul  ‘^‘c  shellcn''  {FJgkvc  3-24).  Thciic  [ubis  not  unly  pruticcl  the  plants  fFoin 
g^ing  hui  ast  also  dccfcaM  bflntsgc  iluf  to  wiFtdWown  sand,,  twipw  fvgporatioo,  atid  pfoifide 
sotni;  shading.  AlJ  ofth-csc  facloTB  act  to  improve  the  growing  ccnditkiiis  forthe  plants  and  have 
b««ii  shown  In  (tie  field  lo  be  efFeclrve  (Bambrid^  el  al.^  349S).  rmtecUve  lubes  icay  catise 
plants  to  have  an  abnormal  growth  habit  because  the  shape  of  ihe  tube  causes  ihe  ptanLs  to  grow 
VCTiiwdly  for  60-W  cm  (2"3  ft>  before  iKubsoiibif  gjnwtli  is  possible  »  pluils  tend  to  be  rather 
spindly.  l.js.s  eitpcn.sivc  wire  screen  cages  are  also  commonly  used  hul  are  not  a.s  effective  as 
pnjtecljve  lubes  because  they  uffer  little  protcetien  against  water  Iosb  and  wind^btown  sand 
damage,  t'ornmoeial  plastic  mesh  is  also  avaJlahle  and  Inexpensive.  These  h^ve  an  adikd 
advantage  that  the  plastic  is  photodcgrHjdabJe  and  will  break  inlo  pieces  in  one  to  two  years.  All 
of  these  prcxcctors  riccd  lo  he  anchored  with  mdal  nelw  or  a  wooden  state  w  that  they  remain 
upright  and  in  place. 


Fi|;nrTn3^14v  rrauaplanl  pralrclur  lubes  at  Tart  Irwin,  Cilifomia. 


There  Are  sr^veral  ehmiietth  Ihul  eeO.  be  uwd  to  prtHeel  Irunsphints  from  being  eaten.  The 
clTectrvcncs.s  of  ihcsc  can  vary  depending  on  many  cnvirontncnlal  coodlfron;,  t/onfrully,  ||Kir 
u$c  is  not  recommended  unless  berbivory  its  n  severe  problem. 


One  of  the  best  techniques  to  avoid  seed  predation  is  to  make  sure  that  the  seed  is  buried  or 
covered  with  soil.  Neither  birds  or  ants  will  dig  for  seed.  Some  small  mammals  will  dig  for  seed 
but  their  success  is  greatly  reduced  on  buried  seed  as  compared  to  seed  on  the  surface.  Small 
mammals  may  also  bury  seed  in  what  is  termed  a  “cache.”  These  seed  “caches”  may  germinate 
if  they  are  not  used  by  the  small  mammals  prior  to  adequate  precipitation  for  germination. 
Bainbridge  et  al.  (1998)  recommends  spreading  cracked  wheat  over  the  site  as  an  alternative 
source  of  food  for  ants  so  that  they  will  avoid  the  native  seeds. 

Drill  seeding  is  useful  in  burying  seed  to  a  proper  depth  for  germination.  It  is  less  effective  if 
one  is  seeding  a  diverse  mix  of  different  sized  seeds.  In  this  case,  broadcast  seeding  followed  by 
a  harrow  to  bury  the  seed  works  very  effectively.  This  technique  tends  to  bury  seeds  at  various 
depths  but  often  requires  a  slightly  higher  seeding  rate  to  obtain  acceptable  seedling  densities. 
The  use  of  a  mulch,  either  straw  or  gravel,  can  also  help  to  hide  seed  from  granivores  as  well  as 
provide  an  alternative  seed  source  since  straw  mulch  generally  contains  some  seed. 

The  timing  of  seeding  or  planting  can  also  serve  to  lessen  the  impact  from  grazing  or  seed 
predation.  In  arid  areas  seed  should  be  sown  just  prior  to  the  time  of  the  most  reliable  rains. 

This  would  be  in November-March  in  the  Great  Basin  Desert,  in  February-March  in  the  Mojave 
Desert,  and  in  August-September  in  the  Sonoran  Desert.  Reducing  the  time  the  seed  sits  in  the 
soil  prior  to  germination  reduces  the  chance  of  predation.  We  have  tested  pre-treating  seed  or 
seed  priming  to  encourage  the  seed  to  germinate  within  hours  of  seeding.  Combining  seed  pre¬ 
treatment  with  minimal  irrigation  greatly  reduces  seed  predation. 


3.6.3.2  Weed  Control 

Weeds  are  most  often  controlled  by  chemical  herbicides.  Herbicides  are  generally  of  two  types, 
contact  or  pre-emergent.  Contact  herbicides  are  applied  directly  to  the  plant  leaves  or  stems. 

The  contact  herbicides  can  be  nonselective,  which  means  they  kill  all  plants  regardless  of  species 
or  they  can  be  selective  and  designed  to  control  specific  weeds.  For  native  rangelands,  very  few 
herbicides  have  been  developed  to  treat  specific  weed  species.  Contact  herbicides  are  applied 
with  a  liquid  sprayer  either  pulled  by  a  tractor  for  large  areas  or  with  an  ATV  or  a  hand-held 
sprayer  for  smaller  spot  treatments.  They  are  usually  applied  in  spring  or  when  the  plants  are 
actively  growing  and  when  precipitation  is  not  anticipated  for  several  days  since  rain  will  wash 
the  herbicide  off  the  leaves  of  the  plants.  Because  of  the  lack  of  species-specific  herbicides  and 
the  costs  of  application,  contact  herbicides  are  not  often  used  except  on  small  problematic  areas. 

Pre-emergent  herbicides  may  offer  greater  flexibility  for  control  of  annual  weeds.  Pre-emergent 
herbicides  kill  germinating  seeds  so  they  cannot  be  used  at  the  same  time  when  you  are  seeding 
with  native  species.  They  could  be  used  the  next  season.  They  can  also  be  used  on  a  site  the 
season  before  seeding,  particularly  if  the  site  has  a  weed  problem  and  there  is  adequate  lead  time. 
Pre-emergent  herbicides  are  applied  prior  to  germination,  which  is  usually  in  the  late  winter  or 
early  spring  (or  early  summer  in  the  Sonoran  Desert).  Pre-emergent  herbicides  are  generally 
applied  with  a  mechanical  spreader  for  large  areas  or  hand  spreaders  for  smaller  areas.  Rates  of 
application  vary  by  chemical  and  manufacturer  or  distributor.  Mowing  or  disking  a  weedy  site 
before  the  seed  of  the  weeds  mature  can  be  an  effective  mechanical  control  technique.  Often  the 
best  way  to  control  weeds  is  to  establish  perennial  vegetation  on  the  disturbance  as  soon  as 
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poijaibl^.  Thig  pepennials  will  gjetwfflPI)'  <njiH3»iTi[wHe  wwiJy  sfwcipp.  fof  i-esounws  tsivM  are 
csUiblinhcJ. 

R«idiKin^  partkularPy  nitW)gett  levtls^  will  khJucc  wi«d  proWertis.  Many  wwds 

Inquire-  hij^bcr  fertilizer  trvebi  than  moRl  nalivx;  s^xcics.  Applying  iertiLizer  will  favor  growth 
mkI  drvelopfnHait  of  tire  weeds  al  the  expense  of  more  desirable  species.  If  fertilizatioin  is  needed 
on  Ihc  sjlo,  apply  the  fortilbcicr  a  year  aher  ycodmg  when  it  will  benefit  die  native  apeciea,  but  nut 
the  weed  species  (e.^.4  ju:^  after  the  annual  weedy  species  drop  their  seed)  Ot  use  a  fertilizer  with 
a  low  level  of  aitrogen  or  a  nlnw-rolcasc  fcrtilinrr. 


3.6.4  Special  ConsideratiDns 

Fetc  Li  a  major  eoaocm  in  many  semiarid  env  imnment!!  such  as  the  nuintH?ii  C  iioal  Haain  and 
Snake  River  Flams  ofNevada^  IdahOn  :afKj  Oregon  ^Whisetiant,  PeiJiinL  1990)  attd  is 
boocimtitg  more  ofa  conoeni  in  the  southern  Great  Baalr  and  American  ElescTts,  particularly 
when  weeds  sueh  as  ctieatgmss;  (iTrominr  let:tt}ram\  and  red;  brtHne  (Arngnus  rv^t'i^is)  btxome 
established  (Himtcr,  l99Ch  Young  and  Tipton^  199G).  Both  oflhc.'tc  spociK!  have  invaded  many 
□f  the  western  ranges  and  invade  new  disturbances  quite  rapid^'.  Once  established,  they  provide 
sufficient  bkuiukss  to  oilow  a  fire  lo  move  between  shrubs.  Many  of  Nevada's  desert  ishrub 
species  ore  not  adapted  to  ftn:  and  they  do  nm  ne-sp(rauL  afler  a  Hire  so  they  are  quickly  removed 
from  tire-prone  areus.  Fhdh  brome  species  invade  repidly  dRer  fires  and  can  ouiHX>tripeti±  maoiy 
native  Rpccics  nAcn  thrming  monocultures  that  are  very  susceptible  to  fine,  '[bus;,  Ific  fire 
frequency  increas^es  and  continues.  10  remove  many  native  shrubs  from  the  bndscaiK 
{Figure  3-25).  'Ibis  is  [mmuion  in  the  sagchniiih  communities  of  oentmJ  and  nurtbem  Nevada 


Figure  .V-25.  rnDversinn  nf  sugehrush  into  annual  graMlnnds  domiaaled  by  red  hmme 
fbllowiig  fim  on  Ifac  iNevida  Test  SjIc. 
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and  southern  Idaho.  It  is  becoming  more  common  in  the  southern  desert  around  Phoenix, 
Arizona,  where  creosote  bush  communities  are  being  burned  and  replaced  by  invasive  annual 
grasses.  Many  military  operations  and  training  programs  have  the  capacity  to  ignite  range  fires. 
They  can  become  serious  problems  unless  the  burned  areas  are  revegetated  and  weed  problems 
are  dealt  with  early. 

3.7  MULCHING 

3.7.1  Objectives 

The  objectives  of  mulching  are  to:  (a)  create  a  suitable  environment  for  seed  germination  and 
plant  growth  and  (b)  control  erosion.  The  use  of  mulch  to  control  erosion  is  discussed  in 
Section  3. 1.3. 1.4,  “Mulching.”  Because  of  the  importance  of  mulch,  particularly  in  arid 
ecosystems,  special  emphasis  is  being  provided  to  ensure  users  understand  and  use  mulches 
properly. 


3.7.2  Principles 

The  primary  purposes  of  using  mulches  on  disturbed  sites  are  twofold:  control  of  erosion  and 
conservation  of  moisture.  On  steep  slopes  or  barren  soils,  mulch  acts  to  protect  the  soil  against 
rainfall  and  overland  flow  of  water  and  protects  the  soils  from  wind  erosion.  On  drier  sites, 
mulch  acts  to  conserve  moisture  and  reduce  evaporation.  Where  annual  precipitation  is  under 
30  cm  (12  in),  mulches  are  highly  conducive  to  seedling  establishment  due  to  their  moisture¬ 
holding  characteristics.  Many  reclamation  projects  and  test  plots  have  demonstrated  the 
effectiveness  of  mulch  for  improving  seedling  establishment  (Winkel  et  al.,  1999;  Hansen  and 
McKell,  1991).  Yet  others  (Bainbridge  et  al.,  1998)  caution  that  in  arid  conditions  mulches  are 
“often  unnecessary.” 

Improper  use  or  applications  of  mulches  can  be  detrimental,  particularly  if  water  is  held  by  the 
mulch  and  not  allowed  to  infiltrate  into  the  soil  or  if  the  mulch  has  an  abundance  of  seeds 
(e.g.,  weed  and  cereal  seeds). 

Analyses  show  that  mulch  is  beneficial  to  revegetation  in  several  ways: 

•  Trapping  soil  particles. 

•  Protecting  the  soil  against  impact  of  raindrops  and  intercepting  surface  runoff. 

•  Modifying  soil  temperatures. 

•  Maintaining  soil  moisture  by  retarding  evaporation. 

•  Providing  a  substrate  for  soil  microbes. 

•  Encouraging  nutrient  cycling. 

•  Aerating  the  soil  and  increasing  water  infiltration. 

In  areas  that  have  been  disturbed  and  much  of  the  vegetation  has  been  removed,  soil  erosion  can 
become  a  severe  problem.  Under  these  conditions,  movement  of  soil  by  wind  in  arid  areas  is 
very  common.  Mulching  can  act  to  catch  soil  particles  by  slowing  down  the  wind  speed  at 
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{(rrmnd  I^veI.  Sluhhlc  mulchn  nr  nrimpeci  Ritraw  can  t>c  vcjy  elTcctivic  at  trapf  ing  mil 
(Fi^iin;  3-26).  In  uiir  Rludies  all  Futl  Irwin,  California,  on  b^vily  usod  silfis,  .a  crimps 
i^w  mwk:]>  V¥Ty  soopE^stijI  at  irappftig  hlowin^  sand  with  accomulatkaix  at'  10- 1 5  cm 
(4-6  in)  occurring  on  sami;  siEos.  Mulching  also  can  pnMact  iIk  mil  Eiam  Uk  impact  of  raindropii. 
that  cai£ies  £>011  partick^  ro  becoiiK  disMi^cl  arul  subject  to  waEerenosionp 


Tigiirr  BlowiagHiad  capturcrl  bf  a  crinpcd  straw  nakh  sod  gravel  raqlrh,  Fmai  10  ed 
Ifi  cm  gf  Mnl  iirCr^  trappul  Isy  tlie  itttiiw  aiDlcli  at  this  itln  at  fart  Inr-ka,  California. 


Mulcl)!^  can  ak>w  nvcrlaivd  flow  af  water  and  surface  noioEf,  which  will  alsu  reduce  cntsiDn.  In 
arid  envirunmcitts  perliaps  cbe  iTisdn  ^‘aEiUijp:  of  tnalcli  is  lliat  it  tends  lo  retain  soil  n^Eisiitufcby 
redocin^t  soil  tcmpcralurcs  and  decreasing  sur^c  o'^KwalKm.  Vogel  reports  thal  straw 

mulch  at  2^40  (2+i[H)0  Ib^eofe)  can  reduc^^  soil  surf^  leDtpo^lure  by  ^-S’C  (lO-l  5’F),  At 

E^otl  Irwin,  California,  small  plots  with  Ihree  dJlIennl  surtk:e  mubhes  were  compared  for  soil 
moisture  and  tempcralurcL  Probes  were  pboed  at  foor depths  C3«  tO,  25,  ;did  cm  [  t,  4,  ond 
Z2  ipij)  and  daU  were  recr^rded  Cifi  a  Hsta  logger  Ereon  Msrcki  2001  through  iunc  ZUOl,  Analysis 
of  the  daia  showed  that,  af  the  3M;rn  (I'-m)  deptlk,  tn^imum  tenipcraitUDes  went  less,  on  the 
straw  imUch  plots  compared  to  the  non-mulched  plots.  Vtioimam  lemperalures  averaged  2^3^ 
mure  fur  the  straw  plots  rximpored  to  the  non-mubhed  plots,  fvtmw  tended  to  keep  soil 
temperatures  tnere  uniferm  whbh  may  he  a  response  to  grcstcT  soil  moisture. 

Even  gravel  mukh  leaded  to  reduce  maximum  kmpendEKTVs  an  average  or2-3'^C  k^  Eban  Ute  lhi 
mulch  pboiv  Similar  lo  |hc  mukh  ptols,  minimum  temperatures  af  ihe  gravel  pboLs 
averaged  I  -Z^C  higher  ihao  the  noti-muldicd  plots.  Soil  ntolshiread:  the  d-cm  (l-in)  depth  wus 
higher  on  the  straw  mukh  pfots  than  the  non-aiulcliEd  plots:  hnwevert  al  the  I  (l-cm  (4-bi)  depth 
soil  muistene  wail  leiis  purtieularLy  afler  an  irrtgaiiOrt  eVettl.  The  Stt^W  mukh  apfwarcd  tO  binder 


movement  of  the  water  through  the  soil  possibly  by  intercepting  the  moisture  and  allowing  it  to 
evaporate  from  the  surface  of  the  straw  culms  or  because  there  were  more  plants  (wheat  from 
seed  in  the  mulch)  using  the  soil  moisture. 

There  was  no  difference  between  the  gravel  and  no  mulch  treatments  for  soil  moisture.  By  mid- 
April,  soil  moisture  in  the  surface  3  cm  (1  in)  was  completely  gone  regardless  of  whether  mulch 
was  applied  or  not.  Mulches  are  most  beneficial  during  the  early  spring  because  they  tend  to 
retain  moisture  near  the  soil  surface,  which  is  where  the  seeds  need  to  be  to  germinate  and 
emerge  successfully.  Straw  or  other  organic  mulches  are  effective  at  decreasing  soil 
temperatures.  Studies  at  Fort  Irwin,  California,  also  showed  that  certain  types  of  mulches  could 
increase  soil  temperatures.  Soil  temperatures  were  increased  8-10°C  when  a  plastic  mulch  was 
used  compared  to  no  mulch.  This  may  be  desirable  for  some  species  which  require  higher  soil 
temperatures  for  germination. 

Organic  mulches  can  be  very  beneficial  at  enhancing  the  soil  microbial  populations,  which 
enhance  nutrient  cycling  and  soil  development  (Bainbridge  et  ah,  1998;  Whitford  1988). 

Mulches  should  have  a  high  carbon  to  nitrogen  (C:N)  ratio  so  they  stimulate  microarthropods 
rather  than  encourage  weeds.  Soil  microbes  are  important  for  plant  growth  because  they  provide 
nutrients  in  a  usable  form.  Generally,  plants  have  a  very  limited  capacity  to  incorporate  organic 
nitrogen,  phosphorus,  or  sulfur  and  rely  on  soil  microbes  to  return  the  organic  nutrients  to  a  more 
usable  state  (Tate,  1985). 

3.7.3  Techniques 

There  are  many  different  kinds  of  mulch  that  have  been  developed  to  address  specific  erosion 
and  water  conservation  problems  under  various  conditions.  Understanding  which  mulch  to  use 
under  different  conditions  is  important  to  maximize  efficiency  and  minimize  costs.  The  most 
commonly  used  mulches  in  arid  areas  are  organic  mulches  from  agriculture  crop  residues  such  as 
straw  from  wheat,  barley,  rye,  or  other  cereal  crops.  Other  commonly  used  mulches  include  hay 
and  wood  fiber  and  other  wood  residues  (common  in  hydromulching).  Mats  and  netting  made 
from  wood  fibers  and  other  organic  and  synthetic  material  are  effective  for  controlling  erosion  in 
specialized  uses  such  as  steep  slopes  and  drainage  channels  or  culvert  areas.  The  cost  for  these 
materials  is  prohibitive  for  general  use  at  most  areas  (Vogel,  1987). 

3. 7.3. 1  Criteria  for  Mulch  Seiection 

Several  factors  need  to  be  considered  in  selecting  the  proper  mulch  for  the  reclamation  objectives 
and  characteristics  of  the  area  to  be  mulched.  Vogel  (1987)  identifies  these  factors  as  (a)  the 
proposed  land  use;  (b)  climate  and  weather  characteristics  such  as  intensity  and  frequency  of 
precipitation,  temperature,  and  wind  velocity;  (c)  topography  and  soils;  and  (d)  availability  and 
cost  of  mulching  materials.  An  important  component  of  the  proposed  land  use  is  to  evaluate 
what  the  strategy  is  to  establish  vegetation  on  the  site.  Mulch  has  a  dual  role  of  not  only 
protecting  the  soil  from  erosion  but  of  enhancing  conditions  for  vegetation  establishment.  These 
goals  can  sometimes  conflict.  For  example,  an  excessive  amount  of  mulch  on  a  site  would  be 
very  effective  at  halting  erosion  but  would  prohibit  seed  germination  by  not  allowing  water  to 
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infiltrate  effectively  or  by  creating  a  barrier  so  thick  that  the  seedlings  cannot  grow  through  it. 
Perhaps  the  most  important  factor  in  the  selection  of  mulch  is  the  availability  and  cost  of  the 
material,  the  transportation  costs  and  ease  of  application.  Some  mulches  may  have  little  initial 
cost  but  are  not  available  locally  so  transportation  costs  are  high  and  application  requires 
specialized  or  costly  equipment. 

3.7.3.2  Mulch  Application 

Straw  mulches  are  the  most  commonly  used  mulches  in  arid  environments  and  can  be  used  in 
many  different  situations  to  address  specific  erosion  or  revegetation  problems.  Mulches, 
particularly  native  grass  hay  mulch,  can  be  a  common  source  of  weed  seed  in  revegetation  so  the 
mulch  should  be  inspected  and  certified  by  the  state  agricultural  inspector  to  be  iree  of  weeds, 
particularly  noxious  weeds,  before  delivery  is  accepted.  Straw  and  hay  mulch  should  have  a 
minimum  fiber  length  of  20  cm  (8  in)  when  crimping  is  specified.  Long  fiber  length  is  necessary 
to  ensure  proper  anchoring,  when  the  mulch  is  crimped,  netted  or  tacked.  Mulch  generally 
should  be  applied  at  a  rate  of  4,480  kg/ha  (4,000  Ib/acre).  The  mulch  should  also  have  a 
moisture  content  of  no  more  than  20  percent,  because  mulch  with  a  high  moisture  content  is 
difficult  to  apply  uniformly.  Further,  the  specified  application  rate  is  not  achieved  due  to  the 
high  water  weight.  Straw  or  hay  mulch  should  be  free  of  mold  or  other  unspecified  material. 

Straw  mulches  are  applied  after  seeding  of  a  site  but  they  could  be  applied  before  or  after 
planting  at  a  site  depending  on  how  the  mulch  will  be  held  in  place  and  the  density  or  placement 
of  the  plants.  If  the  mulch  will  be  crimped,  mulching  should  be  done  prior  to  planting  so  the 
equipment  will  not  damage  plants.  If  the  mulch  is  held  in  place  by  tackifier  or  netting,  planting 
should  be  done  after  mulching. 

Straw  and  hay  mulches  are  generally  applied  with  a  power  blower  (Figure  3-27).  The  blower 
breaks  apart  the  straw  or  hay  bales  without  shattering  the  fiber  and  blows  the  fibers  out  over  the 
seedbed.  The  blower  can  spread  mulch  approximately  15  m  (~50  ft.)  or  more  depending  on  wind 
speed  and  direction.  Straw  and  hay  can  also  be  spread  by  hand,  particularly  on  inaccessible  areas 
and  steep  slopes.  Hand  spreading  generally  requires  more  hay  or  straw  4,480-5,040  kg/ha 
(4,000  to  4,500  Ib/acre)  because  the  materials  tend  to  clump  as  it  is  spread.  On  areas  where 
equipment  can  traverse,  straw  mulch  is  best  anchored  by  crimping.  To  get  the  maximum  benefit 
from  crimping  the  fiber  length  of  the  mulch  should  be  at  least  20  cm  (8  in)  and  the  soil 
uncompacted.  The  mulch  should  be  crimped  into  the  soil  about  5  cm  (2  in)  in  depth. 
Blunt-notched  disks  or  specially  designed  rollers  should  be  used  for  anchoring  the  mulch 
because  round  discs  tend  to  cut  the  fibers  instead  of  crimping  them  into  the  soil  (Figure  3-28). 

Field  analysis  of  disturbed  sites  show  that  mulch  should  be  used  on  all  slopes  greater  than  3h:  1  v 
to  reduce  erosion  (NPI,  1985a).  On  these  sites  netting  or  tacking  is  nearly  always  required  to 
hold  the  mulch  in  place.  Munshower  (1994)  states  that  netting  is  used  to  hold  mulch  in  place, 
but  it  is  very  labor  intensive  and  only  used  in  critical  erosion-prone  areas.  Chemical  tackifiers  (a 
dilute  glue  solution)  are  best  applied  with  a  hydromulcher  (Figure  3-29).  A  recommended  rate  of 
136  kg  (296  lb)  of  tackifier  with  333  kg  (741  lb)  of  wood  fiber  mulch  per  hectare  is  mixed  in  a 
water  slurry  and  applied  evenly  over  the  straw  or  hay  mulch.  Recommended  rates  may  differ 
with  various  products  and  the  manufacturers  suggested  rates  should  be  applied. 
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Figart  3-28.  The  ciHnper  prFxs«  itnw  inlc  Ebc  sell  eri»tia[{  t8c:  slcnu  vtiticaHy. 
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VlgarE  3-29.  Appl^nictiKlufKr  wilb  ■  kxdmtrdrr. 


On  aihcal  or  higli-pdorlty  an^-s  that  anc  steep  and  subject  to  ettisiofl.,  miildi  a.  pLa£t[e 
nening  or  blai^ets  (fine  >ihaving^  pnssied  inlu  sbeets  and  lidd  logethcrwiUi 

pJasiic  nenin^  appejir  ta  he  the  mesl  eori-enediwe  Cjir  Fvdutir^  eroskm  while 

allowing  fora  i^tabtc  vcf;etatLve  cover  todt^ciop.  I'hc  cxcebsinr  iji  rolEcd  nut  rn'i^r  (hC:  $cedhcd 
and  S4apled  at  tegular  inlet^ubli  to  Htnehur  the  mill,  in  pbte.  Wtlen  applying  nettings  a  trench  is 
made  B(t  (he  top  of  the  alepe  and  the  enda  buried  to  prevent  waMt'  fnotri  tonniiig  uorknieath  Ihe 
nening.  The  netting  iii  stapled  ul  mdeT  inlcrvalii  and  hoir-mcler  intervals  along  ihc  sides  iind 
bottom.  A  l.f-shapcd  metal  staple  is  generally  used  ranging  tipm  15-30  cm  (6-12  ia)  in  kngth. 
Shurler  stifles  are  ussed  on  rocky  ur  non-tupsoLled  sbopcs.  Cbi  exteefnety  rocky  or  compacted  soi 
Rmiacc!!.  Tfxks  of  other  objects  may  need  to  be  placed  on  tup  orthe  [teUing  to  tiuld  it  in  place. 

In  arid  areas.,  hydiomulching  is  generally  not  recotrunendled  (Bainbridgc  et  oL,  l?9S}  unless  the 
site  will  be  irrigalsJ.  Hre  fl^a- mulch  IntS  a  leitdenCy  to  dry  very  iitiickly  atid  create  a  pbysiciil 
burner  to  seedling  growth.  Tliis  makes  it  less  suitable  for  reve^eUtion  abhough  it  would  still  be 
cfTcciivc  for  erosion  control-  Niifse  crops  are  also  not  Kvonunended  os  viable  mulches  betiiusc 
they  compete  with  the  native  scedlinft!i  tor  Umitad  soil  molsrurc. 


^.7 A  Special  ConsideratiDns 

Ihcnc  arc  many  difUercnt  kiud.H  ormuLch  that  arc  useful  for. specific  applications  and  tbeir  ase 
needs  to  be  considered  in  devobping  the  reclamaliuu  plan.  We  have  been  evaluating  the  effect 
of  vurioLLS  mulch  treatments  (gmvcl,  slraw,  plastic,  rrn  mulch,  and  cbcmica]  Stabllt^t)  CKI 
pretreatod  seed  of  some  dOEiiinant  arid  land  uaEive  species,  cmiGute  bush  ifidentasa^ 

while  bursage  hrinlelHish  (IL'Tc.ie/tij'^rrr^jLW),  and  big  galleta  {Pi^rc)phi.% 
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figitkiY  Trials  at  two  tncaliVips  al  Fnrt  Envm,  C.^ltfnmia,  lisvc  ^hown  IfiM  plastic  mulcti  in 
coTTihmBtkin  wilh  ur  applied  aAcr  a  ruii  ifi  very  efledive  al  incit^iuliint;  iiCvd  ^erniinaliun 

iavi  «tabli3hnient  (Ctetkr  and  Spatlts^  2001).  Plastic  mu-bcit  nearly  dimiitiaiEs  cvaptiraricm  from 
the  soil  surt^e  and  increases  sail  moiatiure  and  relative  humidity  m  the  upper  1  cm  af  the  sail 
Vi'here  tnosl  ^titmidaliun  occutb.  Id  addition,  plastk  mulch  iticreases  soil  tempcratuiPe,  which  is 
very  favorable  tbr  species  such  as  cteescrie  bush,  and  gdleta  thal  have  optimum  j^erminaliun 
lempenUurea  near  30^  l|86*F>.  'Ilwse  species  do  nut  uften  |ieri\ifTTi  well  in  rtvejjfeUition  cffunts 
boeaiLsc  hy  the  dme  soil  temperatures  warm  suKk  Lcntly  for  germination.,  the  soil  is  too  ttry  fur 
gemiinaiion. 

Piastie  nvu  Ich  mercased  ^rminatieiTi  of  eroosolc  hush  in  an  early  Match  seedling  iron]  an  average 
or2.7  seedlingfi/iti^  in  Ehe  nun-mukh^d  plots  to  an  average  of  *5,9  secdlin^ym^  in  the  pbi^k- 
mulch  plots.  In  mid  April,  u.>ic  of  pla.<rtk:  mu  bch  was  even  iimro  elTccErve  avetagmg 
37. J  secdlbiga/m"'  on  the  non-mukhed  pkiEs  and  1 37.2  j<eedlingi/m^  <m  the  plaStic^muLdi  picric. 
The  use  of  plastk-  mulch  appears  to  he  a  very  promising  ucchniqiic  in  establish  croosrttq  biHh  and 
other  dominant  arid  land  species  from  seed  during  tlie  early  spriitg  ioid  perhaps  the  late  fall. 

Plastk  mu  Ich  is  applied  as  sheets  thal  havie  to  he  hurkd  along  each  edge  (o  prevemt  die  wind 
Irom  getting  under  the  plastic  and  blowing  it  away.  '1‘his  can  be  done  mechiuiicdly  u!iing.a 
trw:tor  4iid.  pkviH.-  rv>lkr  ammionly  U-Iied  in  (he  a^cuhaml  ai^a-s  lor  sucli  crops  a.^  straw  berries 
and  melons  (Figure  3-30}.  1310  plastic  mulch  tkies  DtA  have  to  be  on  lor  very  kmg.  just  until 
gomiiiulion  occurs.  This  may  be  frotn  ore  lo  Ihree  w^tks.  tkpaiding  m  tempemTuns  and  seed 
pro-lrcalmcirts.  The  plastic  can  then  be  removed  and  mused. 


Figure  3-3f.  bqnipmcnl  to  a|ipfy  plasCir  m  uk  li  developed  lor  agricuttural  use  could  be 
ndapted  for  u!»  in  orid  lond  rev^gcl^lino. 


3.8  IRRIGATION 


The  factor  limiting  seed  germination  and  plant  establishment  in  the  arid  regions  of  the  southwest 
is  available  water.  These  arid  regions  are  characterized  by  extended  periods  of  low  precipitation 
and,  even  during  average  precipitation  periods,  the  timing  of  the  precipitation  events  may  render 
the  additional  moisture  ineffective  for  seed  germination  and  plant  growth.  The  strategy  of 
supplemental  irrigation  is  to  ensure  adequate  water  for  seed  germination  and  plant  growth  even 
during  years  of  below-normal  precipitation 

3.8.1  Objectives 

The  goal  of  irrigation  in  reclaiming  arid  areas  is  to  provide  sufficient  water  for  seed  germination 
and  plant  establishment  and  not  to  provide  a  continuous  supply  of  water  to  the  site.  Although 
perceived  to  be  expensive,  the  efficiency  of  supplemental  irrigation  can  be  maximized  by  only 
providing  water  at  critical  times,  thus  allowing  or  forcing  young  seedlings  to  adapt  to  the  natural 
conditions  of  the  site  and  not  artificial  conditions  that  would  result  from  continuous  irrigation. 

Irrigation  may  also  be  used  to  extend  the  typical  seeding  window  (Winkel  et  al.,  1999).  The 
seeding  window  is  defined  by  periods  of  high  rainfall  and  optimum  temperatures  for  seed 
germination  and  plant  growth.  When  supplemental  irrigation  is  used,  optimum  temperatures  for 
seed  germination  and  plant  growth  become  the  primary  criteria  for  identifying  the  seeding 
window  (Munshower,  1994;  Winkel  et  al.,  1999) 

3.8.2  Principles 

Supplemental  irrigation  is  used  to  provide  sufficient  moisture  for  seed  germination  and  plant 
establishment.  Irrigation  may  be  necessary  to  break  seed  dormancy  by  lowering  soil 
temperatures  during  winter  months  (Ferraiuolo  and  Bokich,  1982)  or  to  wash  seeds  of 
germination  inhibitors  (see  Section  3.4,  “Seeding”).  Germination  of  seeds  of  some  species  is 
triggered  when  conditions  are  favorable  for  seed  germination  and  plant  growth.  Cooler  soil 
temperatures  during  winter  months  may  be  the  result  of  higher  soil  moisture  content,  which  in 
turn  breaks  seed  dormancy  for  some  species.  Significant  precipitation  events  may  result  in  high 
soil  moisture  content  over  extended  periods  of  time.  These  conditions  are  capable  of  washing 
germination  inhibiting  chemicals  from  seed  coats.  In  the  absence  of  such  conditions  naturally, 
supplemental  irrigation  can  artificially  create  the  same  conditions. 

When  seed  pre-germination  requirements  are  met,  there  must  be  sufficient  moisture  available  for 
germination  to  occur.  If  temperatures  are  optimum,  seed  dormancy  is  broken,  or  inhibitors 
removed,  but  there  is  not  sufficient  moisture  available  for  germination,  germination  is  unlikely  to 
occur  or,  if  it  does,  it  is  unlikely  to  be  successful  (i.e.,  a  seedling  established).  Seeds  may  or  may 
not  need  some  form  of  pre-treatment  in  order  to  germinate,  but  in  almost  all  cases  moisture  is 
required  for  germination.  That  moisture  must  be  over  an  extended  period  of  time  so  seeds  can 
imbibe  water,  germinate,  and  have  sufficient  soil  moisture  for  the  developing  seedling 
(Devitt,  1989;  Ferraiuolo  and  Bokich,  1982).  If  water  is  not  available  naturally,  supplemental 
irrigation  can  provide  the  water  necessary  for  seed  germination.  Water  must  be  available  when 
optimum  temperatures  for  seed  germination  exist,  which  may  be  different  for  each  plant.  Plants 
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may  be  grouped  into  warm  season  or  cool  season  plants,  indicating  the  general  range  of  optimum 
temperatures  for  germination  and  growth. 

Once  seeds  germinate,  sufficient  water  is  needed  for  seedling  shoot  and  root  growth.  If  young 
roots  exhaust  moisture  and  nutrient  reserves  without  finding  additional  water,  mortality  is 
certain.  Because  of  high  evaporation  rates  and  temperatures  in  arid  areas,  surface  soils  often  dry 
out  very  rapidly  and  often  do  not  provide  proper  moisture  conditions  for  seed  germination  and 
early  seedling  growth.  If  evapotranspiration  needs  are  not  met,  the  flow  of  nutrients  does  not 
occur  (Ferraiuolo  and  Bokich,  1982),  Once  seeds  are  germinated,  moisture  should  be  available 
in  the  soil  profile  so  as  to  stimulate  deep  root  growth  (DePuit  et  ah,  1982).  Supplemental 
irrigation  beyond  the  germination  and  plant  establishment  phase  may  result  in  plants  dependent 
on  supplemental  watering,  less  developed  root  systems,  and  potential  plant  mortality  if  natural 
precipitation  is  not  adequate  for  plant  survival  (DePuit  et  ah,  1982;  Munshower,  1994). 

At  times,  there  may  be  a  tendency  to  reduce  seeding  rates  when  supplemental  irrigation  is  used. 
The  quality  of  the  seed  should  not  be  compromised  nor  should  the  seeding  rates.  It  is  best  to 
allow  the  young  seedlings  to  thin  naturally  (Ries  and  Day,  1978). 

An  alternative  strategy  to  supplemental  irrigation  is  to  repeat  the  seeding  process  until  sufficient 
water  is  received  naturally  for  seed  germination  and  plant  establishment  (Munshower,  1994). 
This  strategy  may  require  several  years  to  establish  native  perennial  species  at  the  site.  If  the  site 
is  not  a  high-priority  site,  this  strategy  may  be  possible.  However,  during  the  waiting  period, 
other  species,  usually  noxious  weeds  or  other  unwanted  species,  may  invade  the  site  and  then 
compete  with  seeded  species  for  water  and  nutrients. 


3.8.3  Techniques 
3. 8. 3.1  System  Design 

Irrigation  systems  can  be  designed  to  provide  supplemental  water  for  either  transplants  or  seeded 
areas.  Systems  to  irrigate  transplants  may  include  drip,  trickle,  or  subsurface  (deep  pipe, 
clay-pot)  irrigation  (Bainbridge  et  ah,  1998;  Bainbridge,  2002).  These  systems  are  very  efficient 
in  providing  given  amounts  of  water  to  specific  locations.  They  are  designed  to  provide 
sufficient  water  for  plant  growth  and  long-term  establishment. 

Some  methodologies  for  distributing  the  water  are  more  efficient  than  other  methods 
(Bainbridge  et  ah,  1998;  Bainbridge  2002),  but  all  are  more  efficient  than  overhead  sprinklers 
that  are  designed  to  distribute  water  over  large  areas.  Materials  for  drip  or  subsurface  irrigation 
systems  are  usually  relatively  simple  (Figure  3-31);  however,  distribution  of  the  water  can  be 
labor-intensive  depending  on  the  amount,  frequency,  and  duration  of  irrigation  events.  Specifics 
on  these  systems  have  been  shown  to  be  effective  in  establishing  transplants  in  arid  regions  of 
the  southwest  and  reference  is  made  to  other  researchers  for  details  on  this  method  of 
supplemental  irrigation  (Bainbridge  et  ah,  1998;  Bainbridge,  2002;  Sparks,  2002). 
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Kl|>un  >J1.  Selliv^  up  irTi|;jil1ini  hpnJwire- 


rhc  s^stcnu  ^dr  tranaplanls  bk  ^cjicra.l]y  not  auhod  to  provide  water  Tetr  Rood 

gcrmiiulKKi  unless  Iht:  seeded  areu  b  icLalivo^  small.  Overhead  or  spnnkLcr  iirij^km  b 
dnii^rKd  tu  fimvldc  suft'idicn.t  water  ter  ?i«(f  gdrminaUoiii  aod  early  plant  cstaWishmeirt  over 
large  areas.  Lidier  iwlkl  set  or  pivot  s{]ri[ikk;rs  can  be  used  ^Keller  and  Qllearer,  1990}, 
(hgKnding  priinarily  on  size  of  the  anea  and  availability  of  water.  Materials  and  labor 
requirrenents  rnr  instalbLion  arc  higher.^  hut  otiec  a  sy.stcm  b  in  place  the  cost  lo  opcralc  the 
system  h  tis^ally  les^  intensive  than  drip  or  sub-surface  irrigation.  Spriokter  irrigation  has  been 
used  RucccHRlijIly  In  several  arid  areas,  of  the  southwest  (Hall  and  Andcrann,  ISr99;  Atuk-rson  and 
Ostler.  200(2;  WinkeE  uild  BoOoe,  L999;  Limboch  and  Anderauoi.  1993;  liuntcr  and  Rwnney.. 
1975;  Hunter  cl  al,  ]  97ft}. 

A  solid  set  sprinkler  .system  was  designed  by  liurward  Irrigutkifi  Compuny  (Spanish  kork,  Utah) 
Ibrthr  irrigalinn  of  apprexlmalcty  nine  acres  althc  UDuhlc  Traeks  remodbitkin  nitc  on  the 
Tonopah  Test  Range  in  soulhwcsE  Nevada,  Walet  was  pumped  Inim  two  )37,S54-lher 
(lO.m-gallcu])  tanks  througlt  a  ssiesof  54nfi  (2^in)  and  2.i-cm  (I  -  in)  poly  pipe  tu  supcrslands 
equipped  with  wobbler  heads  that  distrihuled  walcr  in  a  relatively  even,  eimnlar  patterr  ala  rate 
rirg.3  lilcts  (2,2  j^lhuts)  |rer  minute  per  Iwvid  (Pigure  3-32). 

ApprcixitTtBlely  2U0  bratb  were  used  in  Enig^c  the  entire  site.  !^cc[ion,R  of  the  system  were 
nswitlhled  olfsice.  ARer  the  site  wus  seeded.,  the  sectioi^  were  carefully  tiansporled  onto  the  site 
and  as.'icmbicd.  Water  fihcrrt  were  installed  to  preveni  small  rocts  and  rust  particles  from 
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Figqr*  PcrtaMc  imfitliDO  desligiHd  to  pravid«  9iippJ4inm*l  walC'r 

far  plant  E9liibliiili.HcnL 


cnlcring.  the  Rystem  and  ptuggiii]j;  woM^tcr  heads.  Appmxjinalely  Iwn  day^  tvf  tinnc  lirxr  twn 
loburcRS,  Iwo  lechiikiBiis^  and  n  rcpnsst^laEivc  fpoon  llitrwaid  tcri^otkin  were  required  fur  oflfsilc 
instajlaiktp  juid  preparatEnn,  Ajwdwr  fwo  days  of  ( rmc  for  iJie  two  laboftre  and  one  of  the 
tbdinicians  wa:i  required  Lo  uibseinhle  die  sysiem  onsile.  S^Jecificii  dd  the  maLcriaSs.  and  costs  hit 
addressed  in  Section  fi.Q,  "’■Oecisjon  Tools  for  Selection  of  Reclamaiton  Tedin  iques,'" 

One  lechnition  oould  operate  ihe  iirigation  syslem  with  munuaJ  vdves.  A  system  eouJd  be 
desired  with  autnrriatk;  valves  tlvqs  citrninating  the  need  for  a  tcehnklanr  Bcsi(tes  a  reduction  in 
labor,  automatic  vaJvcs  would  ractlltatc  the  liming  of  irrigation  to  cobicidc  with  periods  of  kiw 
evaporalioii  during  periods  ofliglit  winds  and  tow  temperaturtsi}'.  These  idea]  irtigmiun 
periods  do  nol  usual^  coincide  wilh  nonnal  working  hours  or  when  the  crmlrolled  site  Is 
iM-iCessible.  For  this  particular  project,.  wuLer  wus  only  available  during  norma]  working  hours 
and  a  technician  tied  lo  he  onslip  for  security  reasons,  so  nnnual  'valves  were  used. 

When  FTrigalim  'was  compleled,  the  system  was  dbasacmbled  and  transported  to  a  warehouse  for 
Rinr^.  Two  laborers  dlsas^enibled  die  sysiem  in  about  three  days.  Another  day  was  required  to 
load  the  syslem  tm  trULdoi  and  Uansport  and  unload  il  at  the  warehouse.  It  k  impc^rianl  lo  remove 
(be  sysleoi  Crvnn  die  field  ^-Soon  as  pustiibte  to  avoid  uranceessauy  exposure  to  the  sun.  Folypipe 
is  cuU:  as  affected  by  the  sun's  ray.s  a.s  is  pvc  (polychkmdell  ‘pipe,  which  can  become  very  Nittle- 
The  life  of  (he  fiberglass  supersumds  and  pla^k  wobbler  heads  con  also  be  laiterided  ifeitpusurc 
is  mlnimi/xd. 
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With  slight  modifications  this  same  system  has  been  used  at  other  sites.  Once  at  the  NTS  for 
about  seven  acres  and  another  time  at  the  NTC  at  Ft.  Irwin,  California,  for  about  five  acres. 

Certain  criteria  were  established  for  the  design  of  the  system.  First  was  portability.  It  was 
important  from  a  cost  standpoint  to  be  able  to  use  the  system  multiple  times  so  costs  could  be 
spread  over  several  projects.  Second,  was  even  distribution  of  water.  The  superstand  with  a 
wobbler  head,  properly  spaced,  meets  this  requirement.  The  wobbler  discharges  a  large  water 
droplet  in  a  manner  very  similar  to  natural  rainfall.  Flexibility  in  regulating  flow  rates  and 
duration  of  application  was  also  important.  It  is  for  this  reason  that  the  system  was  broken  down 
into  sections,  with  a  given  number  of  heads  per  section.  A  section  could  be  turned  on  and  off 
with  a  single  valve,  so  time  of  application  could  be  regulated.  If  water  began  to  puddle  on  a 
section,  the  water  could  quickly  be  diverted  to  another  section. 

3.8.3.2  Amount  of  Irrigation 

The  amount  of  supplemental  irrigation  to  apply  to  a  site  should  mimic  natural  conditions,  not 
agricultural  conditions  (Munshower,  1994).  Local  precipitation  records  are  valuable  in 
comparing  years  when  good  seed  germination  and  plant  growth  were  observed,  with 
precipitation  amounts  and  distribution  (Hall  and  Anderson,  1 999).  The  amount  and  distribution 
experienced  during  these  good  plant  growth  years  could  then  become  the  goal  for  supplemental 
irrigation.  The  amount  of  supplemental  irrigation  would  actually  be  the  difference  between 
natural  precipitation  and  these  predetermined  goals.  If  the  goal  for  the  period  October  1  to 
December  31  is  2.5  cm  (1  in),  and  natural  precipitation  is  0.5  cm  (0.2  in),  a  total  of  2.0  cm 
(0.8  in)  of  supplemental  irrigation  should  be  applied.  The  amount  can  be  altered  based  on 
current  conditions.  For  example,  if  seeding  and  irrigation  follow  several  dry  years,  the  soil 
moisture  levels  may  be  low  and  increasing  the  amount  of  supplemental  irrigation  may  be  needed 
to  recharge  the  soil.  The  opposite  may  also  occur.  If  soils  are  moist,  supplemental  irrigation 
may  be  reduced.  Supplemental  irrigation  on  soils  already  saturated  may  not  only  be  inefficient 
and  costly,  but  can  result  in  surface  runoff  (Devitt,  1989). 

3.8. 3.3  Timing  of  Irrigation 

As  observed  under  natural  conditions,  timing  of  precipitation  is  critical.  Late  summer  storms,  no 
matter  what  the  amount,  may  not  have  any  effect  on  the  germination  or  growth  of  certain  species. 
It  is  important  to  know  the  germination  and  growth  requirements  of  the  species  used.  High  soil 
moisture  may  be  necessary  during  winter  months  for  some  seeds  to  meet  stratification 
requirements. 

When  seeds  begin  absorbing  water  and  cotyledons  and  radicles  emerge,  soil  moisture  must  be 
maintained.  If  soils  dry,  young  seedlings  seldom  survive.  Once  established,  it  is  important  that 
the  roots  of  young  seedlings  move  downward  where  future  water  is  most  likely  to  be  found. 
Excessive  irrigation  has  been  shown  to  decrease  the  development  of  root  biomass  and  keep  root 
systems  near  the  surface  (DePuit  et  al.,  1982). 

A  typical  supplemental  watering  scenario  may  include  a  fall  application  of  an  inch  or  less  of 
water  sometime  after  seeding  is  completed.  As  soil  temperatures  approach  optimum  seed 
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germination  temperatures  in  the  spring,  supplemental  irrigation  should  be  applied  as  needed  to 
keep  the  surface  2.5-5  cm  (1-2  in)  of  soil  moist.  Supplemental  irrigation  during  this  period 
should  occur  over  several  days  or  weeks  until  germination  is  observed.  Successful  seed 
germination  and  seedling  establishment  is  dependent  on  moisture.  If  soils  dry  out  during 
germination,  high  plant  mortality  can  be  expected.  As  seedlings  emerge  and  start  growing,  soil 
moisture  is  needed  at  deeper  depths.  The  depth  will  depend  on  the  soil  type,  but  will  probably  be 
in  the  range  of  38-61  cm  (15-24  in). 

This  deep  watering  will  provide  needed  water  in  future  months  for  the  establishment  of  the 
young  plants,  once  supplemental  irrigation  is  terminated.  Additional  supplemental  watering,  in 
the  fall  and  later  years,  can  be  determined  by  the  amount  and  timing  of  natural  precipitation 
events,  and  by  the  condition  of  the  young  plants.  There  is  a  significant  investment  in  each  plant 
at  this  point  in  the  revegetation  process.  An  additional  watering  to  protect  this  investment  may 
be  necessary  and  justified. 


3.8.4  Special  Considerations 

The  quality  of  the  water  used  for  supplemental  irrigation  should  meet  standards  for  plant  growth 
and  should  not  have  a  negative  effect  on  soil  physical  properties.  Water  samples  should  be 
analyzed  for  salt  content  (Ludwig  et  al.,  1976;  Jurinak  and  Topper,  1989).  The  pH  and  sodium 
adsorption  ratio  should  be  determined  as  well  as  the  concentration  of  elements  that  may  be 
known  to  occur  in  the  soil  and  may  be  detrimental  to  plant  growth  (Devitt,  1989).  Alternative 
water  sources  should  be  identified  and  samples  collected  and  analyzed  simultaneously.  All 
samples  should  be  collected  well  in  advance  so  there  is  sufficient  time  for  laboratories  to  conduct 
the  analyses  and  interpret  the  results. 

Supplemental  irrigation  is  commonly  deemed  too  expensive  (Munshower,  1994)  even  though  it 
has  been  shown  to  be  effective  in  increasing  survival,  productivity,  plant  density,  species 
diversity  and  decreasing  the  effect  of  invading  weedy  species  (DePuit  et  al.,  1982;  Ries  and  Day, 
1978;  Winkel  and  Boone,  1999;  Hall  and  Anderson,  1999).  The  cost  for  materials  as  mentioned 
previously  ean  be  amortized  over  time  and  projects.  Many  materials  are  one-time  costs  or 
require  only  minimal  upgrades  (e.g.,  pumps,  valves,  and  engines)  (Figure  3-33).  Others  will 
eventually  have  to  be  replaced  but  if  replaced  over  time  costs  can  be  minimized.  In  arid  climates 
the  distance  to  a  water  source  has  a  significant  effect  on  the  cost  of  irrigation.  The  cost  of  getting 
water  to  the  site  may  be  greater  than  all  other  costs  and  is  project  specific  (i.e.,  no  amortization). 
Distance  to  water  and  the  costs  associated  with  getting  it  to  the  site  are  important  considerations 
and  should  be  investigated  in  detail  before  deciding  whether  it  is  a  viable  alternative. 


3.9  SITE  PROTECTION 

Because  training  impacts  have  greater  adverse  impacts  in  arid  and  semiarid  lands  than  in  areas 
like  grasslands  and  woodlands  with  higher  precipitation,  it  is  essential  that  mitigation  measures 
be  implemented  to  ensure  sustainable  use  of  these  lands  in  the  future.  The  implementation  of 
erosion  control  measures  and  revegetation  is  a  necessary  and  essential  requirement  for  the 
preservation  of  site  conditions— conditions  that  can  continue  to  provide  a  reasonable  degree  of 
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>31,  tiHnpk  of  if  cibl>4^r  sttiirimi  4ci  dciSik.  portable  [n^jpr. 


rca^diun  arte]  ;iaft!t>‘  Terr  tFSinihg  activitbet,  Ontu  tiiasw  iiici  cfFurt  havii  hvm  tpcurrt J  Rjf 

it  is  biipcrativE  that  iomc  dcjqT«  af  Bite  piutcGtion  be  Lniplcmcnted  to  prcrijcct  this 
inv4»tmcm  and  ensure  sustainable  use  in  Ihe  lulure.  A  deserlptiun  of  objectives,  ke>  pnnciples, 
and  Fccommendcd  techniques  foliowB  tor  providing  site  pnMccdon. 


3.a,i  Objeedivep 

The  uventU  goal  of  she  pnotcclion  is  Id  erwure  the  suslainable  use  of  DoD/lXlH  installatLons  in  a 
manner  ihaJ  rvdLu;cs  cot^  himJ  dornicime  due  lo  ofT-Ihriiltf  Impcwd  on  (he  area  due  1o  mitigAlion 
efforts,  ‘litis  goaJ  ts  achieved  by  ondcrstaitding  the  Rile  misfiion^  oomnauiiioating  with  Rile 
mam^iuenl  personnel,  and  implementing  reasonable  mitigation  tneasLues  to  miniiniae  dumage 
Id  lovc^tatinn  and  crLtsion  cmitro]  Rlruolures  while  ponniltin^tlie  susteiAnble  use  of  Ibo  Ufoa 
ihc  defined  training  and  opcrHlionsof  the  iilc.  Objectives  include: 

*  1'o  comply  with  DdUVDCXI  envicofunenlail  siewuridship  reRponslbililicR  while  TninlTnizing  any 
ne^^ive  elTccIs  lhal  such  compliance  may  have  un  ihc  military  missiion. 

*  To  underEland  and  wark  whhin  ihc  training  miBslan  dt  opcra^cHLS  for  ihc  OofyiSOH 

instafEations. 

Novidc  adi^qualc  training  and  appmpnajtc  oonuntmicatiDns  whh  ahe  personneJ. 

*  Reduce  the  amourit  ol  dowistime  of  off-fimils  imposed  on  ureas  due  to  rehiibiEitatioci  buid 

mh^Hlkm  aclivitKS. 
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3.9.2  Principles 


Understanding  a  few  basic  principles  can  help  facilitate  the  development  and  implementation  of 
better  site  protection.  Key  principles  that  help  guide  the  user  in  developing  an  effective  site 
protection  program  include  the  following. 

3. 9. 2. 1  Understanding  Special  Regulations 

Understand  what  the  environmental  regulations,  permit  stipulations,  and  site  operating 
requirements  are  that  pertain  to  protected  species  of  plants  and  animals  or  their  habitat  that  may 
occur  at  the  site.  If  federal  or  state  regulations  provide  special  protection  to  plant  or  animal 
species  (e.g.,  desert  tortoise  [Gopherus  agassizii])  or  their  habitat  (e.g.,  critical  habitat  or 
jurisdictional  wetlands)  then  the  user  should  be  aware  of  permit  stipulations  and  penalties.  The 
distribution  of  such  species  or  habitat  warrants  special  protection  and  details  of  special  site 
operating  requirements  described  in  the  biological  opinion  that  regulates  training  activities  in 
lands  containing  these  species.  Examples  of  permit  stipulation  include  environmental  training  of 
all  personnel  entering  and  using  such  areas  and  restrictions  in  use  (spatial  or  temporal)  of  these 
areas.  Mitigation  projects  in  such  areas  may  also  require  attention  to  permit  stipulations  (e.g.,  a 
Section  404  Permit  for  jurisdictional  wetlands).  Such  species  and  habitat  are  protected  with 
fines,  penalties,  and  even  prison  terms  for  offenders,  if  convicted.  The  user’s  knowledge  of  these 
laws  can  help  properly  educate  others  at  the  installation  and  avoid  costly  mistakes. 


3.9.2.2  Understanding  the  Site  Mission  and  Training  Activities 

Understand  what  the  mission  and  training  activities  are  for  the  installation  and  work  within  the 
organization  through  effective  communication.  The  user  has  a  responsibility  to  understand  the 
mission  of  the  installation  and  what  types  of  training  activities  may  be  required  for  the 
installation  to  effectively  fulfill  its  mission.  As  part  of  this  training,  it  is  reasonable  to  assume 
that  some  activities  will  create  adverse  impacts.  The  user  should  contact  site  personnel  and 
determine  the  types  of  training  activities  and  schedule  of  activities  (e.g.,  during  day  versus  night) 
that  are  likely  to  create  adverse  land-disturbing  impacts.  The  frequency,  location,  and  physical 
and  biological  site  conditions  can  help  the  user  determine  which,  if  any,  mitigation  measures  are 
appropriate  for  specific  sites.  Areas  that  are  too  frequently  or  intensely  used  (e.g.,  travel 
corridors,  trenching  areas,  live  fire  targets,  or  habitually  used  staging  areas  or  camp  sites)  may 
have  to  be  considered  as  “sacrifice”  areas  that  may  not  receive  mitigation  in  the  short-term.  The 
user  should  communicate  with  range  control  and  other  operation  personnel  on  a  regular  basis  and 
develop  a  good  working  relationship  with  such  personnel.  The  more  the  user  can  understand 
about  the  operations  and  mission  of  the  installation,  the  better  informed  will  be  the  decisions.  A 
well-informed  user  is  generally  better  respected  by  management  personnel  and  is  more  likely  to 
be  listened  to. 


3.9. 2.3  Educating  and  Training  Site  Personnel 

Educate  and  train  site  personnel  as  to  the  goals  and  objectives  of  the  site  protection  program  and 
what  actions  they  can  take  to  ensure  compliance  with  this  program.  One  of  the  first  steps  in 
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effective  communication  is  the  need  to  describe  what  you  are  trying  to  accomplish  and  why. 

This  can  be  done  during  briefings  or  short  training  sessions  that  review  the  goals  and  objectives 
of  the  program,  benefits  to  be  achieved  by  complying  with  the  program,  and  consequences  for 
noncompliance.  A  brief  15 -3 0-minute  computer  presentation  (Microsoft  PowerPoint®)  or 
overhead  presentation  provides  the  opportunity  to  provide  pictures,  describe  key  points,  and 
make  a  case  for  program  compliance.  Fliers,  pocket-sized  cards,  and  brochures  provide  excellent 
tools  that  can  be  given  to  those  not  attending  briefing  and  training  sessions.  Users  can  work 
closely  with  installation  personnel  to  ensure  that  the  message  is  properly  worded  thus  ensuring  a 
“buy  in”  and  support  by  management.  Users  should  take  advantage  of  every  opportunity  to 
interact  and  train  site  personnel.  Do  not  forget  to  ask  installation  personnel  how  you  can  do  a 
better  job  of  protecting  these  valuable  resources.  Self-addressed  questionnaires  with  prepaid 
postage  (you  only  pay  for  those  you  receive  back)  may  also  provide  opportunity  to  receive 
feedback  by  mail  from  visiting  range  users.  Questions  might  request  suggestions  on  how  to 
better  train  and  protect  the  mitigation  features  and  revegetation. 

3.9.2.4  Understanding  Physical  and  Cultural  Tools 

Understand  the  physical  and  cultural  tools  available  for  ensuring  site  protection  and  their 
limitations.  Users  should  become  acquainted  with  the  physical  (e.g.,  barriers  and  berms)  and 
cultural  (e.g.,  signs,  education,  and  training)  tools  that  can  be  used  to  protect  the  site. 
Communicating  with  users  at  other  installations  and  sharing  ideas  can  help  make  the  user  more 
knowledgeable.  To  be  effective  as  a  deterrent,  an  obstacle  needs  to  be  recognized  as  such  both 
during  the  day  and  at  night.  To  be  seen,  this  may  require  special  reflective  tapes  and  paints  at 
regularly  spaced  intervals.  Additionally,  training  and  education  may  be  needed  to  develop  a 
culture  in  which  personnel  recognize  and  comply  with  signage  and  barriers.  Above  all,  the  user 
should  recognize  that  no  technique  is  fool-proof  and  that  there  are  limitations  to  every  technique. 
For  example,  study  areas  at  four  different  sites  in  the  NTC  at  Fort  Irwin,  California,  were  marked 
with  regularly  spaced  fence  posts  with  reflective  tapes  (thermal  infrared  and  night  light 
reflecting)  in  training  areas.  At  each  site  approximately  three  dozen  small  white  ceramic  tiles, 
approximately  20-cm  square,  were  placed  within  these  marked  areas  using  a  regularly-spaced 
grid  system  of  30  m  x  30  m.  The  original  purpose  for  the  placement  of  the  tiles  was  to  identify 
the  comers  of  vegetation  plots  using  aerial  photographs.  After  12  months,  the  tiles  at  the  4  sites 
were  visited  to  determine  the  number  that  had  been  mn  over  by  vehieles  within  the  protected 
area.  The  percentage  of  damaged  tiles  were  68  percent  at  Central  Corridor,  17  percent  at  John 
Wayne  Hill,  15  percent  at  Langford  Impact  Zone,  and  58  percent  at  Red  Pass.  These  statistics 
suggest  that  the  method  of  protection  was  only  partially  successful  and  varied  by  site  location. 
Unfortunately,  no  tiles  were  placed  outside  of  the  protected  area  for  comparison,  although  it  is 
the  authors  opinion  that  a  far  greater  pereentage  of  these  tiles  would  have  been  damaged  and 
fence  posts  did  offer  some  protection  to  the  sites. 

3.9.2.5  Monitoring  and  Providing  Adaptive  Management 

Monitor  site  conditions  and  provide  adaptive  management  to  ensure  that  goals  and  objectives  are 
being  met.  Once  the  protective  measures  are  put  in  place,  it  is  essential  to  monitor  their 
effectiveness.  If  techniques  are  not  working  properly  then  changes  must  be  made  in 
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management  practices  to  ensure  that  the  investments  in  erosion  control  and  revegetation  are  not 
wasted  or  lost  entirely.  Monitoring  should  be  done  in  a  timely  fashion.  (See  Section  4.0, 
“Monitoring  and  Remediation”  for  a  more  detailed  discussion  of  monitoring.) 

3.9.3  Techniques 

The  following  techniques  are  presented  as  examples  of  those  being  used  at  Fort  Irwin,  California, 
and  the  NTS.  These  are  only  examples  of  possible  techniques  that  can  be  used.  The  more 
important  point  is  that  the  basic  principles  should  be  applied  and  modified  as  needed  to  achieve 
the  goal  of  site  protection  through  the  use  of  protective  features  and  techniques. 


3.9.3. 1  Working  with  Range  Control 

Those  at  the  installation  responsible  for  range  control  can  be  contacted  and  arrangements  made 
to  coordinate  activities  and  utilize  resources  when  possible.  For  example,  personnel  at  range 
control  can  be  supplied  with  Geographic  Information  System  (GIS)  themes,  brochures,  and  other 
training  information  to  help  educate  others.  During  their  routine  activities,  they  may  have 
opportunity  to  advise  personnel  who  are  near  or  plan  to  have  activities  in  restricted  (e.g.,  tortoise 
habitat)  or  biologically  sensitive  areas  (e.g.,  areas  that  may  need  temporary  protection  during 
mitigation  phases).  They  may  advise  users  of  special  problems  they  observe  developing  during 
site  recoimaissance  and  clean-up  operations. 


3.9.3.2  Providing  the  Location  of  Protected  Areas  on  Maps 

Sensitive  areas  that  need  protection  can  also  be  identified  on  all  maps  that  are  provided  to 
installation  personnel  so  that  they  become  familiar  with  the  specific  location  of  these  areas. 
They  can  be  appropriately  marked  with  symbols  or  labels  to  inform  personnel  and  reinforce 
information  provided  during  training  briefings.  The  global  positioning  system  spatial 
coordinates  can  be  provided  to  GIS  personnel  producing  maps  to  ensure  spatial  accuracy.  GIS 
themes  can  be  prepared  and  shared  with  groups  responsible  for  creating  and  printing  site  maps. 
Such  maps  should  be  reviewed  and  updated  regularly  to  ensure  that  this  information  is  current 
and  accurate. 


3.9.3.3  Posting  Signs  at  the  Site  Perimeter 


Signs  may  be  posted  at  the  perimeter  of  sensitive  areas  that  need  protection.  Such  signs  should 
be  properly  elevated,  visible  both  day  and  night  (discemable  using  headlights  or  thermal-infrared 
imagery),  and  convey  the  necessary  information  to  personnel  who  may  enter  the  site.  Signs  may 
indicate  a  brief  reason  for  the  travel  restriction  and  a  contact  telephone  number  or  office  name 
for  those  desiring  further  information,  or  provide  a  code  that  is  readily  interpreted.  Signs  should 
be  sturdy  enough  to  stand  up  to  the  rigors  of  high  winds  (e.g.,  speeds  in  excess  of  160  kilometers 
per  hour  [kph]  or  100  miles  per  hour  [mph]),  excessive  heat  (e.g.,  temperatures  greater  than  49°C 
[120°F]),  and  routine  training  activities.  Signs  should  be  monitored  regularly  and  replaced  when 
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(hey  detierit>rti(e  to  the  p«m(  of  fcey  intbrmatwi-  F-xan^ples  itsed  at  Fott  Ifw1?ii,  Callfomi*, 
arc  iMtnwn  in  Figure  3-34. 


r?  3-34,  Siebert  sigiw  ^i(h  visiim  r«#|fecliv«  (aitr. 


^r9r3A  ContrxtHlng  Access  Uwig  Semis  and  Barriers 

Access  In  mhii^linn  and  cnisinn  ccntml  sites  may  be  eontmJled  (hruugh  A  variety  of  [i^mt|UeS. 
Those  inclDde  thcconstniotion  nri>aiTicrs(c,g.,  railroad  tics,  .sections  nf  telephone  poles,  or 
concrete  jersej'  banter!!),  fences  (with  and  without  wires),  earthen  bcniiis  or  shallow  ditches,  and 
[he  placement  of  natural  uhstae-les  such  is  largo  boulders  ot  rock^  (Figure  3-35),  Ttie  planting 
(by  large  transplants)  or  seeding  of  vegetMioo  scieens  can  also  be  used  lu  direct  tralTH;  aiuuiid 
KCisitivi;  areus, 

An  attcmalnvc  to  constructiimi  ttarriers  ts  to  direet  traftlc  by  improving  surface  condituHis  on 
sclecled  portions  of  IralTic  ourridurs  at  in(erseCliofi&).  If  vehicle  openitors  Have  a  choice  of 
several  routes  and  one  of  Eha,sc  routes  more  imfirovcd  than  the  others,  die  operators  will  oDicn. 
take  ibc  improved  tuulc.  Impruvcilienls  may  consist  of  grading  the  surface  to  increase 
SiiM.io4lmcs'»  and  madding  rtKad  edgc$  with  berms  in  direct  tn1lk.  <>tlen  acomhiaation  nf  these 
physical  and  biological  techniques  may  be  required. 


3.9.4  Speciat  Considurations 

It  is  also  bnporlant  to  consider  potential  adverse  impacts  from  condiolled  access  feuJIurcs  lo  the 
safety  of  vehicles  and  persottine],  tuNf  any  utuksirabk  poicnlial  d  isni^ions  (c>  training  operations 
that  may  result  from  these  techiiiquics  In  make  sure  that  they  do  not  pose  any  unwanLed  safely 


Plf(urt  3-3ik  B«rnij  conbiied  with  tramplanla  Is  dimi  Iralllf  dffwi  catiblBbcd  roads  it 
Fort  Invim 


ba/^ords  (c.f-K  ditcJMS  should  uni  tic  so  dccf)  as  lo  create  deathtraps  lo  those  who  may  unlcr  Ebcni 
at  night  at  high  spceids  as  pait  of  rouEine  training). 

Because  train injt  activjiicH  ofkn  oecLirat  nighty  any  signs  should  be  clearly  vi.sible  at  night  as 
well  as  during  the  day.  N  ighttime  acEivitics  onett  uiie  thermal-infriired  viiiiun  sighting  devices 
that  may  not  detect  die  usual  nefleettve  suifacefu  Routine  mooitodng  of  the  signs  will  help 
dcEcrminc  the  effbclivcnesis  of  sudi  protective  teeliniqucs. 

Iiistruukaitation  and  oth«r  mitigation  oquipnient  nay  have  to  he  prmceted  (e.g.,  buned)  or 
removed  during  certain  periods  of  the  rotation  schedule  tv  ensure  ihaE  they  me  nut  dumuged. 
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4.0  MONITORING  AND  REMEDIATION 


4.1  MONITORING 

Monitoring  is  often  the  most  overlooked  of  all  aspects  of  a  reclamation  project  and  consists  of 
conducting  several  site  visits  both  during  and  after  reclamation  activities.  It  is  important  to 
consider  monitoring  at  the  very  beginning  of  the  project  and  adequately  budget  for  monitoring 
activities  not  only  during  and  right  after  reclamation  activities  but  for  several  years  after 
reclamation  is  completed. 

4.1.1  Purposes  of  Monitoring 

The  main  purposes  of  monitoring  are  to  assess  if  reclamation  objectives  are  on  track  or  are  being 
met,  locate  problems,  develop  recommendations  for  remediation,  and  evaluate  the  success  or 
failure  of  all  reclamation  practices  including  determining  why  they  succeeded  or  failed  and  their 
cost-effectiveness.  Monitoring  also  serves  to  verify  compliance  with  contract  specifications, 
assure  that  adequate  data  are  available  to  guide  remedial  actions  (if  necessary),  and  provide  for 
future  cost  savings.  An  example  of  cost  savings  is  illustrated  by  proper  monitoring  and  early 
detection  of  an  erosion  control  structure  that  is  not  functioning  properly.  If  the  problem  is 
detected  early  and  remedial  action  is  implemented  soon  after  detection,  erosion  and  damage  to 
the  erosion  control  structure  are  minimized.  This  results  in  considerable  cost  savings  in  repairing 
damage  created  by  the  erosion.  Monitoring  activities  should  be  formalized  into  a  written 
monitoring  plan  and  included  as  a  section  in  the  reclamation  plan  before  implementation  begins. 

4.1.2  Key  Elements  of  a  Monitoring  Plan 

No  single  monitoring  plan  is  applicable  to  all  installations  or  areas.  Monitoring  plans  should  be 
“tailor-made”  to  fit  the  unique  requirements  of  a  given  installation,  area,  or  project  site. 

However,  there  are  some  key  elements  that  should  be  included  in  a  monitoring  plan: 

•  Clearly  identify  the  reclamation  objectives. 

•  Outline  and  describe  the  monitoring  techniques  to  be  used,  including  a  monitoring  schedule. 

•  Clearly  define  the  success  criteria. 

•  Identify  the  reference  area,  if  needed. 

•  Summarize  and  report  monitoring  results. 

4.1.3  Techniques 

Two  general  monitoring  techniques,  qualitative  and  quantitative,  are  available  for  assessing 
reclamation  results.  Deciding  which  technique  to  use  is  primarily  dependent  on  the  reclamation 
objectives,  reporting  requirements,  and  budgetary  constraints.  One  technique  does  not  have  to  be 
used  exclusively.  In  fact,  it  is  best  to  use  both  monitoring  techniques.  For  example,  vegetation 
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at  a  site  could  be  quantitatively  monitored  during  the  first,  third,  and  fifth  year  following 
implementation  and  qualitatively  monitored  during  the  second  and  fourth  year  following 
implementation. 

Monitoring  activities  usually  focus  on  soil  erosion  and  vegetation.  However,  other  things  may 
be  monitored  as  well  such  as  wildlife  use  and  climatic  variables  (e.g.,  precipitation,  wind  speed 
and  direction,  soil  moisture,  and  air  and  soil  temperature).  Elzinga  et  al.,  (1998)  provide  a 
comprehensive  approach  to  measuring  and  monitoring  plant  populations. 


4.1. 3.1  Qualitative  Monitoring 

Qualitative  monitoring  consists  of  making  reconnaissance  visits  to  a  site,  and  is  done  to  observe 
and  document  overall  site  conditions  including  the  stability  or  erosion  of  soil  surface  materials, 
integrity  and  functionality  of  erosion  control  structines,  anchoring  of  surface  mulches, 
emergence  of  seedlings,  evidence  of  stressed  or  dead  seedlings,  condition  of  transplanted  plants, 
presence  of  unwanted  weeds  that  could  cause  problems  for  plant  survival,  signs  of  herbivory  or 
animal  use,  and  integrity  and  functionality  of  site  protective  measures.  It  is  very  important  to 
take  good  notes  during  the  reconnaissance  visit.  A  standardized  checklist  may  facilitate  note¬ 
taking.  An  example  of  a  standardized  checklist  is  found  in  Appendix  9.3.  It  is  also 
recommended  that  color  photographs  be  taken  from  standardized  photo  points.  If  possible, 
photographs  should  be  taken  prior  to  disturbance,  during  the  implementation  phase,  and  at 
various  times  after  implementation  to  track  site  condition  through  time.  Figure  4-1  shows  the 
value  of  having  photographic  documentation  of  a  site  before  and  after  reclamation.  Also,  a  new 
technique  for  measuring  perennial  plant  cover  using  aerial  photographs  has  been  developed  by 
Hansen  and  Ostler  (2002).  This  technique  is  valuable  for  comparing  plant  cover  between 
reference  areas  and  reclaimed  sites.  Video  cameras  may  also  be  used  to  document  site  condition. 
This  is  extremely  helpful,  especially  for  remote  sites  for  reviewing  both  visual  and  audible 
information  from  the  site  visit  back  in  the  office. 


4.1. 3.2  Quantitative  Monitoring 

Quantitative  monitoring  methods  consist  of  taking  measurements  or  counts.  For  revegetation 
evaluation,  counts  of  living  plants  (seedlings  or  transplants)  are  made.  Commonly  used 
techniques  include  counting  the  number  of  plants  in  specific  areas  (density)  such  as  samples 
from  a  length  of  row  if  seeded  in  rows  by  a  mechanical  seed  drill  or  the  number  of  plants  in 
representative  sample  plots  in  areas  such  as  a  circle  or  quadrat  if  the  seeds  were  broadcast. 
Where  transplants  have  been  planted  in  a  random  fashion,  the  total  number  of  individuals,  by 
species,  should  be  determined  in  representative  areas.  Other  vegetative  parameters  that  may  be 
measured  include  plant  cover,  frequency,  biomass,  species  richness,  and  species  diversity. 
Determining  how  many  measurements  or  counts  to  take  depends  on  the  level  of  accuracy  or 
precision  you  need  or  are  required  to  provide,  and  the  resources  you  have  to  do  the  monitoring. 
It  is  important  to  adequately  budget  for  reclamation  monitoring  costs  at  the  beginning  of  the 
project.  Formulas  for  determining  minimum  sample  sizes  at  different  levels  of  statistical 
precision  can  be  used  and  are  described  in  detail  by  Bonham  (1989). 
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The  RL.M  haa  dcvcilnpcd  a  rating  and  c lasRitkalicm  dala  fnnn  (br  n'aiualin^  iiOLl  ec'UsJtJT]  in  Lhe 
field  (Table  4-1 }.  For  CBuh  of  On:  four  criision  indioultir^  Ctihamn  A  =  Sirrfftte  litter, 

B  =  Pedestfl  1 1  ing,  C  =  Rills  <  y  in,  D  =  R  i  I  Is  >  y  in>,  dctcETninc  a  nunKTical  raBi^  (ram  one  Lu 
five  based  on  I'ufld  Dl]se'rvaltons  of  the-  s-ile.  Thtai  toUtl  the  four  itumber^  in  tlie  total  cell 
{A 't  B  ^  C  4iid  assigii  an  ero^bon  ecindition  class  ha-Mid  on  the  numericaJ  ratini;;.  scale.  For 
example,  if  each  mdlealor  was  jfiven  a  value  oflluee  (3)  the  Eutal  numerical  rating  would  be 
12.0  (3  +  3  +  3  i-  3)  ao  Ihe  site  erosiofl  condition  class  would  be  modcraic.  Hand-hcEd  palmtop 
computers  can  also  be  used  to  enter  data  dirctiJy  mto  on  elcetronic  data  form.  This  speeds  up  the 
data  eitijy  and  uoalyshi  process  substantially  and  reduces  transcription  errors.  Onc-c  quantitativo 
data  arc  collceloii.  they  should  be  analyzed  and  results  interpreted.  Depending  on  ihe  cepurting 
requireiiienEs  and  need  fur  pirecisicnK  deiaiJed  statistical  analyses  may  iK  warTanied,  This  is 
especially  tme  if  the  field  nKinitoring  results  arc  tn  he  uited  in  any  kgal  proceedings  or 
negotiutlons  that  requite  extensive  and.  technically  valid  numbers.. 
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Table  4-1.  Example  of  a  soil-erosion  rating  and  classification  form  for  assessing  erosion  status  in 
the  Held. 


Rating 

Value 

A 

Surface  Litter 

B 

Pedestailing 

C 

Rills  <  23  cm 
(9  in) 

D 

Rills  >  23  cm 
(9  in) 

Totals 

1 

Accumulating  in 
place 

No  visual  evidence 

No  visual  evidence 

No  visual  evidence 

(A+B+C+D) 

2 

Slight  movement 

Slight  pedestailing 

Rills  in  evidence  at 
intervals  >  3  m 
(10  ft) 

Rills  in  evidence  at 
intervals  >  3  m 
(10  ft) 

3 

Moderate 

movement 

Small  rock  and 
plant  pedestailing 

Rills  at  3  m  (10  ft) 
intervals 

Rills  at  3  m  (10  ft) 
intervals 

4 

Extreme 

movement 

Pedestailing 
evident,  plant  roots 
exposed 

Rills  at  1 .5  -  3  m 
(5  -  10  ft)  intervals 

Rills  at  1.5  -  3  m 
(5  -  10  ft)  intervals 

5 

Very  little 
remaining  litter 

Most  plants  and 
rocks  pedestailed 
and  roots  exposed 

Rills  at  <  1 .5  m 
(5  ft)  intervals 

Rills  at  <  1 .5  m 
(5  ft)  intervals 

Example; 

Surface  Litter 

Rating:  3 

Pedestalling 
Rating:  3 

Rills  <  23  cm 
Rating:  3 

Rills  >  23  cm 

Rating:  3 

12.0* 

*  Number  Rating  for  Totals; 

Total  Rating  Value  Erosion  Condition  Class 

0.0  -  4.0 . Stable 

4.1  -  8.0 . Slight 

8.1  -  12.0 . Moderate 

12.1  -  16.0 . Critical 

1 6. 1  —  20.0 . Severe 

4.1.4  Frequency  of  Monitoring 

Monitoring  should  occur  during  the  implementation  phase  of  reclamation  to  ensure  that  work  is 
being  carried  out  according  to  specifications,  and  for  three  to  five  years  following 
implementation  to  ensure  that  reclamation  objectives  have  been  met  (Hansen  and  McKell,  1991). 

The  frequency  of  monitoring  (i.e.,  number  of  site  visits  per  unit  of  time)  should  be  determined  by 
the  reclamation  project  team.  Some  factors  to  consider  include  reclamation  objectives,  site 
accessibility,  budgetary  constraints,  and  time  of  year.  Visits  should  be  timed  so  that  the 
maximum  benefits  can  be  obtained  such  as  following  a  rainfall  event  to  evaluate  water 
management  techniques  or  at  the  peak  of  the  growing  season  to  determine  revegetation  success. 

It  is  also  recommended  that  seedling  density  counts  be  made  during  the  first  growing  season 
following  seeding  to  establish  a  baseline  density  that  can  be  used  to  track  plant  survival  over 
time.  During  the  implementation  phase,  monitoring  should  focus  on  making  sure  that 
reclamation  techniques  are  being  implemented  properly.  Proper  design  and  implementation  will 
substantially  reduce  the  need  for  remediation  later.  Nevertheless,  the  major  emphasis  of 
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monitoring  activities  is  after  the  implementation  phase.  After  implementation,  monitoring 
during  site  visits  should  be  focused  on  evaluating  each  reclamation  technique  to  see  if  it  is 
fulfilling  its  intended  purpose.  If  any  are  not,  remedial  actions  should  be  developed  and 
implemented  to  correct  the  problem.  Hansen  and  McKell  (1991)  recommend  a  minimum  of  two 
visits  per  year  for  the  first  two  years  following  the  reclamation  of  high-priority  sites,  at  least  one 
visit  per  year  for  low-priority  sites,  and  one  visit  to  all  sites  after  three  to  five  years  to  assess  the 
longer  term  stability  and  plant  survival.  Generally,  after  this  period,  plant  mortality  is  minimal. 
In  areas  receiving  continual  military  training,  monitoring  should  be  increased  commensurate 
with  the  degree  of  disturbance  (e.g.,  monthly  or  quarterly). 

4.1.5  Success  Criteria 

Success  criteria  are  used  to  evaluate  whether  the  reelamation  objectives  have  been  met  or  not. 

For  example,  if  one  of  the  reclamation  objectives  is  to  eontrol  wind  erosion  from  a  site,  then  the 
amount  of  soil  lost  to  wind  erosion  needs  to  be  measured  (qualitatively  or  quantitatively)  and 
specifie  values  set  to  define  when  this  reclamation  objective  has  been  achieved.  If  the  success 
criteria  are  not  met,  then  remedial  actions  should  be  planned  and  implemented. 

Success  criteria  will  vary  among  sites  because  reclamation  objectives  vary,  and  success  criteria 
should  be  based  on  the  reclamation  objectives.  An  example  of  viable  success  criteria  was 
developed  by  reclamation  scientists  as  part  of  the  Yucca  Mountain  site  characterization  studies  in 
south-central  Nevada  (Dixon,  1998).  She  states,  “Reclamation  will  be  considered  successful  if 
the  cover,  density,  and  species  richness  (i.e.,  the  number  of  perennial  plant  species  in  each  site) 
of  native-perennial  vegetation  is  equal  to  or  exceeds  60%  of  the  values  of  these  parameters  in 
undisturbed  reference  areas.”  Their  reclamation  objective  was  to,  “Return  land  disturbed  by  site- 
characterization  activities  to  a  stable  ecological  state  with  a  form  and  productivity  similar  to  the 
predisturbance  state.”  Success  criteria  may  also  be  dictated  by  state  or  federal  regulations. 


4.1.6  Reference  Areas 

Reference  areas  are  used  to  determine  or  approximate  the  pre-disturbance  state  of  a  disturbed 
site.  Data  collected  from  reference  areas  are  used  to  develop  seed  mixes  and  transplant  needs  for 
revegetation  and  for  comparison  with  data  from  revegetated  sites  to  see  how  close  they 
approximate  each  other.  Specific  values  on  how  close  the  disturbed  site  and  reference  area 
approximate  each  other  after  a  certain  period  of  time  can  be  set  to  determine  if  revegetation  has 
been  successful  or  not.  Values  can  also  be  set  as  benchmarks  to  ensure  that  revegetation  is  on 
track  to  meet  the  final  success  criteria. 

Vogel  (1987)  lists  essential  criteria  for  comparing  reference  and  revegetated  areas: 

•  Individual  site  factors,  including  elevation,  precipitation,  slope,  and  aspect,  are  similar  on 
both  areas. 

•  Both  areas  are  composed  of  the  same  plant  life-forms  and  seasonal  varieties  of  vegetation. 

•  Management  of  the  reference  areas  during  the  revegetation  phase  is  consistent  with  that 
proposed  for  the  revegetated  area. 
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•  Certain  edaphic  characteristics  are  similar,  though  it  is  unlikely  that  both  areas  will  have 
exactly  the  same  soils. 

•  A  revegetated  area  that  is  realistically  comparable  to  the  reference  area  (i.e.,  it  can  produce  a 
similar  kind  and  amount  of  vegetation). 

The  reference  area  does  not  need  to  be  immediately  adjacent  to  the  re  vegetated  area  as  long  as 
the  above  criteria  are  met,  but  should  be  within  about  32  kilometers  (km)  (20  miles  [mi])  of  the 
revegetated  area.  Sampling  design  should  also  be  similar  in  the  two  areas  for  valid  comparisons. 

4.1.7  Summarize  and  Report  Monitoring  Resuits 

In  order  to  fulfill  the  main  purposes  of  monitoring,  it  is  imperative  that  monitoring  results  be 
summarized  and  communicated  to  the  right  people.  Otherwise,  monitoring  efforts  would  not  be 
effective.  Results  may  be  communicated  via  formal  reports,  informal  reports,  or  in  memoranda 
to  the  file.  The  following  questions  should  be  answered: 

•  Are  reclamation  objectives  on  track  or  have  they  been  met? 

•  Are  there  any  problems  (e.g.,  signs  of  erosion,  dead  plants,  etc.)? 

•  Are  there  any  remedial  actions  required  to  maintain  the  integrity  of  the  site  and  meet  the 
reclamation  objectives? 

•  What  reclamation  techniques  were  successful  and  why  were  they  successful? 

•  What  reclamation  techniques  failed  and  why  did  they  fail? 

•  What  was  the  cost-effectiveness  of  each  reclamation  technique? 

•  Were  contract  specifications  met? 

•  Were  there  any  inconsistencies  between  what  was  written  in  the  reclamation  plan  and  what 
actually  occurred  during  implementation? 

Answering  these  questions  will  provide  valuable  insight  into  the  reclamation  process  and  should 
make  future  projects  more  successful  and  more  cost-effective. 

4.2  REMEDIATION 

Remediation  is  defined  as  the  actions  required  to  fix,  correct,  or  repair  problems  associated  with 
reclamation  activities.  Remedial  actions  are  developed  fi-om  information  gathered  during  the  site 
visits.  The  most  important  principle  of  remediation  is  to  determine  the  root  cause  of  the  problem 
and  then  focus  the  remedial  actions  on  the  root  cause.  For  example,  if  small  rills  are  noticed  on  a 
revegetated  slope,  a  possible  action  may  be  to  fill  and  rake  over  the  small  rills.  This  may  get  rid 
of  the  small  rills  but  the  root  cause  of  those  rills  may  be  improper  water  diversions,  in  which  case 
the  small  rills  will  develop  again  after  the  next  rainstorm.  When  possible,  every  effort  should  be 
made  to  implement  the  remedial  actions  as  soon  after  monitoring  as  possible,  especially  if  active 
accelerated  erosion  is  taking  place. 

The  most  common  remedial  actions  deal  with  inadequate  or  failed  erosion  control  techniques  and 
inadequate  plant  establishment.  The  same  erosion  control  principles  and  techniques  that  were 
described  in  Section  3.1,  “Erosion  Control,”  should  be  used  for  remediating  areas  with  erosion 
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problems.  Some  areas  may  need  to  be  re-seeded  or  replanted  after  remedial  erosion  control 
practices  have  been  implemented.  Obviously,  it  is  best  to  minimize  the  amount  of  disturbance  to 
previously  revegetated  areas.  Some  level  of  erosion  should  be  expected  until  the  vegetation 
becomes  established  or  the  disturbed  site  is  stabilized. 

Causes  of  inadequate  plant  establishment  may  be  due  to  a  variety  of  factors  that  may  include  lack 
of  sufficient  water,  poor  soil  fertility,  poor  soil  aeration,  eompetition  from  weedy  species, 
herbivory  by  insects  or  other  animals,  absence  of  soil  microbes,  soil  erosion  problems,  or  any 
combination  of  these.  Some  possible  remedial  actions  include  supplemental  watering,  fertilizing, 
weed  control,  pesticides,  fencing,  or  inoculation  with  microbes.  Sometimes  the  best  thing  to  do 
is  wait,  especially  when  seeding  with  native  plants.  In  order  for  plants  to  germinate,  it  takes  the 
right  combination  of  climatic  variables  (e.g.,  moisture  and  temperature).  In  arid  areas,  the  right 
conditions  for  germination  do  not  oceur  every  year.  Seeds  of  many  native  plant  species  have 
adapted  to  this  problem  and  remain  viable  in  the  ground  for  several  years.  The  length  of  time  to 
wait  depends  on  the  reclamation  objectives,  species  used,  and  the  climate.  In  some  cases,  it  may 
be  necessary  to  seed  in  consecutive  years  until  the  right  climatic  conditions  result  in  germination. 

Determining  if  erosion  or  inadequate  plant  establishment  are  serious  enough  to  warrant  remedial 
actions  should  be  carefully  thought  out  and  the  decision  based  on  the  reclamation  objectives  and 
the  success  criteria  established  to  meet  those  objectives.  Remediation  can  be  costly.  However, 
by  the  time  remedial  actions  become  necessary  a  lot  of  money  has  already  been  invested  in 
reclamation  activities  and  remediation  costs  are  usually  minimal  compared  to  the  total  cost 
already  invested.  It  is  imperative  to  consider  potential  remedial  actions  at  the  beginning  of  the 
project  and  address  these  in  the  reclamation  plan.  It  may  not  be  necessary  to  conduct 
remediation  in  all  areas.  Priority  areas  may  be  designated  where  remedial  actions  can  be 
focused.  Proper  selection  and  implementation  of  reclamation  techniques  are  the  best  ways  to 
minimize  the  need  for  remediation  but  do  not  necessarily  guarantee  success. 
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5.0  COSTS 


The  cost  of  land  reclamation  can  vary  widely  based  on  several  factors  including  site  conditions 
and  size  of  the  reclamation  project.  Difficult  site  conditions  (e.g.,  wet  soils,  steep  slopes,  rocky 
terrain,  remote  locations,  etc.)  can  greatly  increase  the  cost  of  most  activities. 

Military  installations  present  unique  logistical  challenges  that  may  serve  to  reduce  or  increase 
reclamation  costs  depending  on  local  circumstances.  Material  costs  can  be  reduced  if  on-site 
materials  are  available  (e.g.,  riprap).  Using  military  engineer  personnel  and  machinery  when 
available  may  reduce  labor  and  equipment  costs.  On  the  other  hand,  costs  may  be  increased  if 
training  schedules  limit  access  to  the  areas  to  be  reclaimed  or  training  damages  ongoing 
reclamation  efforts.  Travel  costs  to  the  remote  locations  of  many  military  installations  may 
increase  overall  reclamation  expenditures.  Costs  for  various  revegetation  techniques  in  arid  and 
semi-arid  areas  of  the  western  United  States  can  be  found  in  Warren  and  Ostler  (2002), 

Appendix  9-3.  Summary  information  for  the  Mojave  (including  the  northern  Sonoran  Desert) 
and  Great  Basin  deserts  are  provided  below.  Costs  were  obtained  by  contacting  various  federal 
and  state  agencies  and  private  companies  in  each  region.  Only  cost  data  from  1990  through  2000 
were  used  and  data  prior  to  2000  were  adjusted  by  an  inflation  rate  of  3  percent  per  annum. 

Costs  were  generally  reported  for  average-sized  jobs  done  by  experienced  contractors,  operators, 
and  vendors.  Most  jobs  have  built-in  mobilization  costs  that  do  not  vary  regardless  of  job  size. 
Hence,  costs  per  hectare  are  often  less  for  large  jobs  and  considerably  higher  for  small  jobs. 

Costs  are  provided  for  the  eight  categories  discussed  in  Section  3.0,  “Reclamation  Techniques.” 

5.1  EROSION  CONTROL 

Section  3.1,  “Erosion  Control”  discussed  the  many  techniques,  physical,  chemical,  cultural  and 
biological,  that  can  be  used  to  control  erosion.  Physical  techniques  that  are  commonly  used  in 
arid  environments  include  surface  manipulations  or  diversion  structures  such  as  contour 
trenching,  contour  furrowing,  pitting,  imprinting,  gouging,  check  dams,  and  dozer  basins. 
Diversion  structures  may  be  used  to  divert  water  away  from  areas  of  concentrated  flow,  thus 
reducing  the  erosive  energy  of  flowing  water.  Diversion  trenches  and  dozer  basins  may  also  be 
used  to  divert  water  into  areas  where  revegetation  efforts  are  taking  place  in  order  to  supplement 
the  supply  of  water  to  the  new  plants.  For  the  purposes  of  this  cost  analysis,  diversion  trenches 
are  defined  as  shallow,  linear  excavations  produced  by  a  single  pass  of  heavy  equipment  such  as 
a  road  grader,  although  an  experienced  bulldozer  or  front-end  loader  driver  can  often  accomplish 
a  similar  result.  Average  regional  costs  for  the  construction  of  diversion  trenches  are  listed  in 
Table  5-1 .  Costs  are  generally  low  and  do  not  vary  widely  by  region.  There  is  generally  as 
much  or  more  variation  within  desert  provinces  than  between  them.  Variability  in  cost  per  linear 
meter  ($/lm)  is  attributable  to  mileage  to  and  from  the  construction  sites,  and  the  size  of  the  job. 

Armoring  in  areas  of  high  risk  for  erosion  is  also  common.  Armoring  with  large  rocks  or 
boulders  is  most  commonly  referred  to  as  riprap.  Runoff  from  storm  events  is  a  rare  event  in 
most  deserts,  however,  when  it  occurs  it  is  often  very  rapid  and  damaging  to  unprotected  areas. 
Riprap  is  commonly  placed  in  gullies  or  waterways  to  slow  the  flow  of  water  and  minimize  its 
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Table  5-1.  Regional  average  cost  for  supplemental  erosion  control  practices. 


Province 

Estimate 

Type 

Diversion  Trenches 
($/meter) 

Riprap,  Installed 
($/m’) 

Great  Basin  Desert 

Average 

6 

40 

Range 

3-6 

20-69 

Mojave  Desert 

Average 

6 

48 

Range 

3-12 

26-87 

COMBINED  AVERAGE 

6 

44 

erosive  energy.  Riprap  is  available  in  many  different  sizes  depending  on  the  expected  flow  of 
water.  The  size  of  the  rock  can  greatly  affect  the  cost.  Most  agencies  do  not  record  the  costs  of 
materials  and  labor  separately.  Hence,  the  values  recorded  in  Table  5-1  include  both  labor  and 
material. 

In  some  areas  of  the  Mojave  and  Sonoran  Deserts,  a  natural  armoring  has  developed  (known  as 
desert  pavement)  that  protects  sites  from  erosion.  There  have  been  a  few  sites  where  this 
technique  has  been  attempted  but  it  is  generally  very  costly  (~$2,000  ha).  Gravel  is  applied 
using  a  modified  spreader  on  a  dump  truck.  Gravel  should  be  less  than  2-3  cm  in  thickness  or  it 
will  inhibit  seedling  emergence.  Hauling  and  application  efforts  are  the  major  factors  in  costs  of 
this  technique. 

Organic  mulches  are  commonly  used  to  control  erosion  but  costs  of  these  will  be  discussed  in 
Section  5.7,  “Mulching.” 

Chemical  control  techniques  have  been  used  to  control  erosion  in  arid  lands;  however,  their  use 
is  generally  restricted  to  dust  control  associated  with  mining  roads  and  mine  tailings. 
Hygroscopic  salts  are  often  used  on  mining  roads  and  costs  run  $200-$  1,000  each  year 
depending  on  the  number  of  applications.  These  are  not  compatible  with  revegetation  because 
they  increase  the  salt  in  the  soil  make  plant  growth  difficult  or  impossible  for  most  species. 
Organic  tackifiers  and  water-soluble  synthetic  polymers  are  sometimes  used  to  control  erosion 
on  highly  erodible  areas.  We  used  an  organic  tackifier  at  Fort  Irwin,  California,  on  some 
revegetation  trials  and  it  was  very  effective  at  controlling  erosion  on  some  severely  disturbed 
sites  (Figure  5-1).  It  also  performed  well  as  a  mulch  treatment  with  pre-treated  seed  of  creosote 
bush  and  white  bursage.  Costs  for  application  of  these  chemical  treatments  (~$3, 000/ha)  are 
similar  to  hydromulching  since  they  are  generally  applied  with  hydromulching  equipment. 
Distance  to  a  water  source  is  a  major  factor  controlling  the  cost  of  hydromulching. 

5.2  SITE  PREPARATION 

Some  form  of  mechanical  site  preparation  is  often  needed  prior  to  revegetation.  This  can  be 
particularly  true  on  DoD  training  areas  where  repeated  passage  of  armored  vehicles  has  caused 
significant  soil  compaction.  Ripping,  subsoiling,  or  chiseling  are  deep  tillage  operations 
specifically  designed  to  break  or  shatter  compacted  soil  layers  that  can  inhibit  germination,  root 
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Costs  for  site  preparation  treatments  ranged  widely  within  and  between  the  two  geographie 
regions  (Table  5-2).  Costs  in  the  Mojave  Desert  provinee  were  higher  due  largely  to  costs 
reported  for  two  military  sites  in  the  Mojave  Desert.  Costs  for  all  three  sites  reported  by  the 
Natural  Resources  Conservation  Service  in  a  revegetation  study  conducted  for  the  U.S.  Navy  on 
abandoned  farmland  in  the  Lahontan  Valley,  Nevada,  were  also  high.  Ripping  costs  were  4  to 
10  times  higher  at  Fort  Irwin,  California,  than  for  any  location  other  than  Lahontan  Valley, 
Nevada.  Treatments  at  Lahontan  Valley,  Nevada  and  Fort  Irwin,  California  were  experimental 
in  nature.  Because  mobilization  costs  remain  relatively  constant  regardless  of  the  size  of  the 
treated  area,  the  higher  costs  per  hectare  are  likely  attributable  to  the  small  size  of  the  treated 
areas  and  the  remoteness  of  the  locations.  If  these  sites  were  eliminated  from  the  data  set,  the 
average  costs  per  hectare  are  in  line  with  the  other  desert  areas. 


Topsoil  salvage  was  discussed  as  a  special  consideration  and  where  possible  topsoil  salvage  is 
encouraged.  The  costs  associated  with  removal  and  replacement  of  topsoil  can  range  greatly 
depending  on  the  depth  of  the  topsoil,  the  equipment  used,  and  the  distance  it  has  to  be  hauled. 
Average  costs  for  short  hauls  (0.5  km)  range  from  $1 .00-$4.00/m^  Direct  hauling  of  topsoil 
from  the  removal  location  to  the  final  placement  is  preferred  over  storage  to  reduce  costs  and 
retain  the  quality  of  the  topsoil. 

5.3  SOIL  AMENDMENTS 

Three  kinds  of  amendments  (synthetic  polymers,  organic  materials,  fertilizers)  are  used  in  arid 
areas  to  improve  the  soil  and  provide  proper  nutrients  and  water-holding  capacity  for  good  plant 
growth.  Costs  for  synthetic  polymers  average  $1,1 10-$  1,860/ha  depending  on  an  application 
rate  of  170-280  kg/ha.  Our  experience  and  that  of  others  suggests  that  this  rate  is  much  higher 
than  needed  for  a  desert  environment.  Rates  of  25  kg/ha  have  been  shown  to  have  a  beneficial 
effect  (Winkel  et  al.,  1999)  at  a  much  reduced  cost.  These  polymers  are  most  effective  if  they 
are  applied  and  then  disked  into  the  soil.  Costs  for  application  and  disking  would  range  from 
$15-$124/ha  in  the  Great  Basin  area  and  $15-$383/ha  in  the  Mojave  Desert  with  an  average  price 
near  $80/ha  (Table  5-2).  Total  costs  for  materials  and  application  would  range  from 
$1,200-$  1,940/ha. 

Many  organic  materials  also  can  have  no  or  very  low  costs;  however,  the  cost  of  this  material  is 
mainly  influenced  by  transportation.  If  local  sources  are  available,  then  application  may  be 
practical.  Like  synthetic  polymers,  organic  materials  need  to  be  mixed  into  the  soil,  which  is 
often  best  accomplished  by  disking.  Typical  costs  of  applying  organic  materials  would  consist 
of  the  initial  cost  of  the  materials  ($0-$400/ha),  transportation  ($10-$  100/ton),  application  onto 
the  site  (~  $  100/ha)  and  disking  to  incorporate  the  organic  materials  ($80/ha).  This  technique 
can  become  quite  expensive  and  is  only  viable  where  sources  are  close  and  have  low  or  no  cost. 

Fertilization  is  not  a  common  practice  on  rangelands  or  training  lands  in  the  arid  West.  Indeed, 
except  where  frequent  and/or  intense  disturbance  has  resulted  in  the  loss  of  organic  matter  and 
fine  soil  particles,  fertilization  can  be  counterproductive  in  trying  to  reestablish  desert 
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ecosystems.  Native  perennial  plants  in  deserts  generally  have  low  nutrient  requirements  while 
introduced  annual  plants  generally  have  higher  requirements.  Hence,  the  addition  of  fertilizer 
will  tend  to  favor  exotic  weeds  at  the  expense  of  native  plants. 

The  number  of  responses  from  the  various  agencies  was  quite  low  for  both  deserts.  Labor  and 
equipment  costs  were  generally  low  in  both  deserts  (Table  5-3).  Overall,  material  costs  were 
higher  and  more  variable  than  labor  or  equipment  costs.  Variability  in  material  costs  is  based  on 
the  type  and  amount  of  fertilizer  required.  These  factors  are,  in  turn,  determined  by  existing 
nutrient  status,  soil  type,  organic  matter  content,  clay  mineralogy,  salinity,  alkalinity,  site  history, 
etc.  Overall,  it  appears  that  the  cost  of  fertilization  was  very  similar  in  both  deserts. 


Table  5-3.  Regional  average  cost  (S/hectare)  for  broadcast  fertilization. 


Province 

Estimate 

Type 

Broadcast  Fertilization 

Labor/Equipment 

Materials 

Great  Basin  Desert 

Average 

35 

217 

Range 

10-111 

62-371 

Mojave  Desert 

Average 

30 

217 

Range 

17-111 

62-371 

COMBINED  AVERAGE 

33 

217 

The  costs  included  in  Table  5-3  are  for  broadcast  fertilization  only  as  this  is  the  most  common 
method  of  application  for  revegetation  projects.  When  planting  tubelings  or  containerized  plants, 
fertilizer  pellets  are  occasionally  used.  Only  one  agency  reported  information  on  fertilizer 
pellets.  They  estimated  the  cost  for  using  fertilizer  pellets  to  be  $1  per  plant  for  materials  and 
$0.50  to  $2  per  plant  for  labor.  Other  sources  (NPI  Reclamation  Services,  1985b)  report 
fertilizer  tablet  costs  around  $0.10  per  plant.  These  costs  should  not  change  significantly  based 
on  region. 


5.4  SEEDING 

On  large  disturbances,  such  as  fires  or  major  construction  projects,  reestablishment  of  vegetative 
ground  cover  is  most  often  accomplished  by  broadcast  or  drill  seeding.  Broadcast  seeding  is  a 
process  of  spreading  seed  onto  the  soil  surface.  Prior  seedbed  preparation  is  not  always  required 
or  even  desirable.  Broadcasting  is  often  the  least  expensive  seeding  alternative  in  terms  of  labor 
costs.  This  is  due  primarily  to  the  fact  that  more  ground  surface  can  be  seeded  with  a  single  pass 
of  the  seeding  equipment  (particularly  with  aerial  seeding)  than  with  drill  seeding.  However, 
because  the  seed  is  left  on  the  soil  surface,  seed-soil  contact  may  not  be  adequate  for  good 
germination  success.  Hence,  it  may  be  necessary  to  seed  at  a  higher  rate  or  to  drag  an  implement 
over  the  site  following  seeding  to  help  cover  the  seed  with  a  thin  layer  of  soil.  Seeding  at  a 
higher  rate  (some  studies  suggest  50-100  percent)  will  increase  the  cost  of  broadcast  seeding 
tremendously.  It  is  generally  a  better  option  from  a  cost  standpoint  to  combine  the  broadcast 
seeding  with  a  blanket  harrow  or  other  technique  that  covers  the  seed  if  access  to  the  site  is 
possible. 
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Drill  seeding  is  a  process  of  placing  seeds  directly  in  the  ground  at  a  specified  depth.  Depending 
on  the  condition  of  the  soil  surface  and  the  nature  of  the  seed  drill,  some  form  of  seedbed 
preparation  may  be  necessary.  Seed  distribution  is  generally  improved  by  drilling.  Many  seed 
drills  can  be  adapted  to  place  seeds  at  variable  depths  depending  on  their  germination 
requirements.  Seed  drills  are  also  often  equipped  with  press  wheels  or  drag  chains  to  help  cover 
the  seeds  with  soil  and  improve  seed-soil  contact.  Where  rough  or  steep  terrain  limits  the  access 
of  drilling  implements,  broadcasting  or  hydroseeding  may  be  required.  Hydroseeding  is  a 
process  of  spraying  seed  onto  the  soil  via  liquid  slurry.  It  is  much  more  expensive  than  drill 
seeding  or  broadcasting  due  to  the  cost  of  equipment  and  the  cost  of  transporting  large  quantities 
of  water. 

For  both  deserts,  broadcast  seeding  had  the  lowest  labor  and  equipment  costs  (Table  5-4).  The 
average  cost  of  drill  seeding  was  almost  double  the  cost  of  broadcast  seeding.  However,  these 
estimates  do  not  include  the  potential  cost  of  using  an  additional  implement  to  cover  the  seed  in 
the  case  of  broadcast  seeding  or  the  possible  added  cost  of  seedbed  preparation  in  the  case  of 
drill  seeding.  Higher  average  costs  for  broadcast  and  drill  seeding  were  reported  from  the 
Mojave  Desert  Province.  As  in  the  case  of  seedbed  preparation  practices,  the  higher  per  hectare 
costs  here  were  attributable  to  the  mobilization  costs  for  treating  small  areas  and  the  remoteness 
of  the  sites  treated.  Average  per  hectare  hydroseeding  costs  were  uniformly  high  and  exceeded 
broadcasting  and  drilling  by  an  order  of  magnitude.  There  are  fewer  contractors  equipped  to  do 
hydroseeding  and  many  hydroseeding  contractors  travel  throughout  the  West. 


Table  5-4.  Regional  average  cost  (S/hectare)  for  seeding  practices. 


Province 

Estimate 

Type 

Labor  &  Equipment  Cost 

Seed  Cost 

Hydroseeding  (includes 
labor,  equipment,  seed, 
fertilizer,  mulch,  and 
tackiFier) 

Broadcast 

Drill 

Great  Basin  Desert 

Average 

35 

59 

531 

5103 

Range 

10-99 

15-161 

148-988 

3529-14085 

Mojave  Desert 

Average 

111 

138 

425 

5103 

Range 

49-148 

25-297 

148-988 

3529-11752 

COMBINED  AVERAGE 

73 

99 

478 

5103 

The  rate  of  seeding,  and  hence  the  cost  of  seed,  was  assumed  to  be  constant  regardless  of  the 
equipment  used.  Executive  Order  13112,  issued  February  3,  1999,  requires  federal  agencies  to 
prevent  the  introduction  of  invasive  species  and  work  toward  the  restoration  of  native  species. 
Hence,  seed  costs  were  estimated  based  on  using  only  mixtures  of  native  species  despite  the  fact 
that  such  a  strategy  may  increase  the  cost  of  reseeding  by  as  much  as  an  order  of  magnitude  in 
some  cases.  Seed  costs  were  slightly  lower  in  the  Mojave  Desert.  Seed  costs  can  vary  widely 
within  and  between  years  based  on  supply  and  demand;  low  supplies  or  high  demand  can  greatly 
increase  the  cost  of  seed.  Some  seeds  are  not  available  commercially  but  can  be 
custom-collected.  This  will  generally  increase  the  cost  of  seed  but  does  provide  seed  that  is 
site-adapted  and  generally  performs  very  well. 
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Handling  of  seed  and  short-  or  long-term  storage  can  also  increase  costs.  Seed  cannot  be  left  out 
in  hot,  wet  weather  without  causing  significant  loss  of  viability.  While  pre-treating  seed  will 
incur  additional  cost,  it  can  increase  germination  tremendously.  Thus,  one  can  reduce  the 
seeding  rates  which  should  more  than  offset  any  increase  in  cost  to  do  the  seed  pre -treatments. 

5.5  PLANTING 

Where  reclamation  plans  call  for  trees  and  shrubs,  it  is  sometimes  more  effective  to  utilize  live 
plants  rather  than  seeds  particularly  in  arid  environments.  Planting  provides  plant  material  on  a 
site  rather  quickly  to  solve  erosion  or  other  aesthetic  issues.  Planting  is  often  done  for 
high-priority  projects  that  have  larger  budgets.  However,  the  availability  of  suitable 
containerized  trees  and  shrubs  for  transplanting  in  desert  regions  is  often  limited.  When 
available,  they  are  most  often  supplied  as  tubelings  or  containerized  plants.  Bare  rootstock  is 
used  by  some  ageneies,  but  is  comparatively  rare  in  dry  regions  due  to  the  higher  risk  of 
desiccation  of  the  tender  roots  during  and  after  the  planting  process.  Costs  of  bareroot  stock  are 
generally  half  the  costs  of  tubelings.  Relatively  few  agencies  in  the  region  were  able  to  provide 
cost  estimates  for  the  use  of  live  plants.  Estimates  were  limited  to  commonly  available  native 
species  (estimates  for  unusual  species  can  run  as  high  as  $200  per  plant).  Costs  are  reported  in 
Table  5-5. 


Table  5-5.  Regional  average  cost  ($/plant)  for  live  plants. 


Province 

Estimate 

Type 

Tubelings 

Containerized  Plants  (3.8  1) 

Labor 

Material 

Labor  and 
Material 

Labor 

Material 

Labor  and 
Material 

Great  Basin  Desert 

Average 

2 

2 

5 

10 

14 

17 

Range 

1-3 

1-3 

3-24 

7-25 

5-29 

6-36 

Mojave  Desert 

Average 

2 

2 

4 

10 

8 

10 

Range 

1-3 

1-3 

2-6 

2-18 

2-11 

2-36 

COMBINED  AVERAGE 

2 

2 

4 

10 

11 

14 

The  cost  of  using  tubelings  was  markedly  less  than  containerized  plants  in  both  deserts.  Planting 
tubes  are  smaller  (0.5  liters)  and  cost  less  than  most  other  containers.  Because  of  their  small 
size,  space  requirements  for  growing  and  transporting  are  minimized.  For  containerized  plants, 
the  reported  costs  reflect  3.8-liter  (1 -gallon)  containers.  The  use  of  larger  container  sizes  tends 
to  increase  expenses  dramatically  due  to  the  higher  cost  of  transportation  and  the  fact  that  the 
plants  in  larger  containers  tend  to  be  older  and  have  required  more  effort  to  grow.  Labor  costs 
are  estimated  for  hand  planting  in  normal  soils;  where  soils  are  hard  or  rocky,  labor  costs  can  be 
expected  to  increase.  Some  agencies  procure  labor  and  materials  through  separate  contracts. 

This  has  a  tendency  to  increase  the  overall  cost  when  compared  to  contracts  that  procure  labor 
and  materials  jointly  (Table  5-5).  This  is  espeeially  true  for  large  contractors  who  grow  their 
own  plants  or  who  can  take  advantage  of  volume  discounts  by  securing  plant  materials  for 
multiple  contracts  simultaneously. 
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Salvaging  of  plants  from  areas  that  will  be  disturbed  is  also  possible.  The  cost  of  salvaging 
plants  is  probably  not  much  different  from  purchasing  containerized  plants  since  the  labor  cost 
would  be  incurred  for  removal  of  the  plants  from  the  salvage  area  and  transplanting  to  the  new 
area.  Labor  costs  are  generally  equal  to  material  costs.  Salvaging  plants  may  provide  species 
that  are  not  available  from  commercial  nurseries  or  that  are  very  expensive.  Salvaging  plants 
should  be  restricted  to  those  species,  such  as  cacti  and  succulents,  that  do  well  when 
transplanted. 

Although  inoculation  of  woody  plant  roots  with  mycorrhizal  fungi  can  significantly  enhance 
survival  and  growth  of  many  woody  species,  it  is  not  widely  used.  Only  one  agency  reported 
costs  of  inoculation.  These  averaged  less  than  $1  per  plant  including  labor  and  materials. 

5.6  GRAZING  AND  WEED  CONTROL 

Two  techniques  (fencing  and  protective  tubes)  are  commonly  used  to  control  herbivory  on  a  site 
being  reclaimed.  Fencing  is  effective  but  is  also  costly  particularly  for  large  areas.  Two  types  of 
fencing  are  often  used,  normal  barbed  wire  to  exclude  large  grazing  animals  and  chicken  wire 
fencing  to  control  rabbits  and  other  smaller  mammals.  Costs  for  barbed  wire  fence  average 
$2,000  per  km  including  materials  and  labor  for  installation.  This  can  vary  widely  based  on  the 
rockiness  of  the  soil  and  remoteness  of  the  location.  Chicken  wire  fence  is  less  expensive, 
however  it  does  require  special  care  in  installing  the  fence  because  30  cm  of  fence  needs  to  be 
buried  to  keep  rabbits  from  going  under  the  fence.  Cost  of  the  material  is  $500/linear  km  and 
installation  will  range  from  SI, 500-$  1,700. 

In  areas  that  are  receiving  transplants,  it  is  desirable  to  use  translucent  tubes  to  protect  the  young 
plants  from  sunscald  and  herbivores  while  providing  a  greenhouse-like  microenvironment.  Such 
tubes  for  containerized  plants  or  tubelings  cost  an  average  of  $2  (range  $l-$3)  each  when 
purchased  in  bulk,  regardless  of  region.  Installation  of  the  tubelings  costs  an  average  of  $2  per 
plant  (range  $l-$2).  For  small  plantings,  this  is  a  very  useful  technique;  however,  for  large  areas 
with  many  transplants  a  perimeter  fence  may  be  more  cost-effective. 

Weeds  are  often  controlled  by  herbicides  particularly  in  areas  near  facilities.  Herbicides  are 
generally  not  very  expensive  but  the  application  can  be  since  many  areas  require  a  person 
certified  in  the  proper  handling  and  use  of  the  herbicides.  Herbicides  cost  about  $  100-200/ha 
and  the  application  cost  ranges  from  $200-$500/ha.  Weeds  should  be  treated  early  to  avoid  their 
spread  thus  creating  large  and  more  serious  problems  later  on. 

5.7  MULCHING 

Germination  and  survival  of  plants  in  reseeded  areas  can  be  enhanced  by  the  addition  of  mulch. 
Mulch  helps  conserve  soil  moisture  and  adds  organic  matter  to  the  soil.  Commonly  used 
materials  include  straw,  hay,  and  commercial  fiber  mulch.  Hay  is  often  more  expensive  than 
straw  because  of  its  alternative  value  as  winterfeed  for  livestock.  Straw  ranges  from 
$600-$740/ha  while  hay  ranges  from  $740-$  1,230/ha.  Transportation  of  the  material  to  the  site 
can  increase  these  costs  tremendously.  Straw  and  hay  can  be  hand-spread  or  blown  on  with 
special  equipment  designed  for  that  purpose.  The  labor  cost  for  applying  mulch  is  the  same  for 
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straw  and  hay,  although  the  material  cost  can  vary  widely  both  within  and  between  regions 
(Table  5-6).  Costs  for  straw  blowing  generally  range  from  $300-$400/ha.  Straw  and  hay  are 
both  susceptible  to  being  blown  off  of  the  site  unless  they  are  anchored  in  some  way.  Hence, 
crimping  or  tackifying  may  be  necessary  to  hold  it  in  place.  Crimping  generally  ranges  from 
$105-$  185/ha,  while  tackifying  is  much  more  expensive  since  hydromulching  equipment  is 
needed  and  costs  may  range  from  $l,000-$2, 000/ha.  Costs  are  much  less  than  actual 
hydromulching  because  less  material  and  particularly  less  water  are  required.  Most  contracts 
that  call  for  mulching  do  not  separate  the  costs  of  materials  and  labor.  Hence,  Table  5-6  reflects 
average  regional  costs  for  the  entire  process.  The  cost  of  mulching  is  much  lower  in  the  Great 
Basin  Desert  than  the  Mojave  Desert  in  part  due  to  the  proximity  of  numerous  farms  and  ranches 
at  higher  elevations  within  this  region  where  cooler  temperatures  and  irrigation  systems  provide 
a  setting  more  conducive  to  hay  and  straw  production. 


Table  5-6.  Regional  average  cost  (S/hectare)  for  mulching  with  straw  or  hay. 


Province 

Estimate  Type 

Materiai,  spreading  and  crimping 

Great  Basin  Desert 

Average 

734 

Range 

321-1129 

Mojave  Desert 

Average 

2320 

Range 

- 

COMBINED  AVERAGE 

1527 

Fiber  mulch  is  generally  used  only  in  conjunction  with  hydromulching  or  hydroseeding.  The 
combined  cost  of  labor  and  materials  for  hydromulching  is  generally  much  higher  than  mulching 
with  straw  or  hay.  Estimated  costs  of  hydromulching  generally  range  from  $3, 000-$4, 500/ha. 
The  cost  of  materials  is  around  $400/ha  for  the  wood  fiber  mulch  applied  at  a  rate  of  1,100  kg/ha 
and  $  190/ha  for  the  tackifier.  The  major  cost  is  the  application  of  the  material  that  includes 
equipment,  water,  and  labor.  Distance  to  water  is  the  major  factor  particularly  in  arid  areas. 

There  are  also  other  mulches  such  as  jute  netting,  excelsior  mats,  and  plastic  mesh  that  are  used 
for  areas  that  are  more  susceptible  to  erosion  or  where  runoff  accumulates.  These  mulches  are 
often  very  expensive.  Excelsior  mats  range  from  $8,155  to  $10, 626/ha  for  materials  and  $2,224 
to  $4,448  for  installation.  Plastic  netting  is  slightly  less  ranging  from  $6,920  to  $7, 166/ha  and 
approximately  $2,000  for  installation.  These  mulches  are  seldom  used  in  arid  areas  because  the 
erosion  potential  is  not  as  great  as  more  mesic  areas  and  the  mulches  often  do  not  allow 
precipitation  to  get  into  the  soil. 


5.8  IRRIGATION 

Supplemental  watering  of  young  seedlings  or  transplants  can  also  enhance  survival.  The 
practice,  however,  is  not  common.  Two  agencies  reported  the  cost  of  supplemental  watering  of 
transplants  at  $16  and  $28  per  plant.  This  can  be  twice  the  cost  of  the  plants  themselves 
(Table  5-5),  and  likely  accounts  for  the  fact  that  the  practice  is  uncommon.  It  does  increase  the 
survival  of  the  transplants  tremendously,  particularly  in  dry  years.  In  the  Mojave  Desert, 
survival  rates  with  irrigation  range  from  25-97  percent  with  a  mean  value  of  67  percent. 
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Survival  was  dependent  on  species,  time  of  planting,  soil  erosion,  and  herbivory.  There  are 
several  ways  to  apply  water  to  transplants  efficiently  including  basins,  buried  perforated  pipe, 
and  driplines.  The  focus  of  these  is  to  apply  water  only  to  the  area  immediately  surrounding  the 
plant  roots.  Field  data  from  Fort  Irwin,  California,  show  that  although  basins  are  initially  less 
expensive  to  construct  and  to  water,  lower  survival  rates  make  this  technique  more  costly  than 
perforated  pipes  or  driplines  on  a  per  living  plant  basis. 

Portable  irrigation  systems  can  be  used  effectively  on  seeded  areas  to  enhance  or  ensure 
germination.  Irrigation  levels  should  not  be  higher  than  normal  wet  years  that  may  naturally 
occur  at  these  sites,  otherwise  species  die-out  will  occur  once  the  irrigation  is  removed.  Since 
portable  systems  can  be  used  multiple  times,  the  major  cost  of  irrigation  is  in  the  transport  of 
water  to  the  site.  A  15,000-liter  (4,000-gallon)  water  truck  with  a  driver  may  cost  approximately 
$300  to  $400/day.  To  put  2.5  cm  (1  in)  of  water  on  0.4  ha  (1  acre)  would  require  seven 
truckloads,  which  would  take  about  one  day  to  apply  if  the  water  source  was  fairly  close. 


5.9  SITE  PROTECTION 

Several  techniques  are  identified  that  are  effective  at  protecting  reclaimed  sites  until  they  have 
grown  sufficiently  to  withstand  minor  disturbances.  Most  important  of  these  is  proper  signage  of 
the  areas.  Signs  are  inexpensive  compared  to  the  total  cost  of  reclaiming  the  site,  yet  without 
them  the  whole  revegetation  effort  could  be  decimated  by  continual  access.  Signs  should  be 
used  to  make  personnel  aware  that  the  areas  are  undergoing  rehabilitation  and  are  protected. 

5.10  COST  EFFECTIVENESS 

Many  variables  (most  previously  discussed)  can  effect  the  cost  of  reclamation  projects.  These 
costs  are  important  in  selecting  reclamation  techniques  for  a  reclamation  plan.  It  is  important 
that  reclamation  costs  are  tracked  to  develop  realistic  budgets  for  future  reclamation  efforts.  It  is 
also  important  that  one  achieves  the  best  results  from  the  money  spent.  To  do  this  one  has  to 
assess  the  cost  effectiveness  of  various  techniques.  This  can  only  be  done  by  comparing  costs 
with  results  (i.e.,  achieving  some  goal  or  objective  such  as  density  of  plants  with  the  cost  of  that 
effort).  This  yields  a  cost  per  live  plant.  This  cost  per  plant  can  then  be  compared  for  the 
various  techniques  and  becomes  a  standard  for  comparison.  For  example,  one  can  assess  the  cost 
effectiveness  of  fencing  a  site  by  the  increase  in  the  density  of  plants  that  have  established  within 
that  fenced  area  compared  to  an  unfenced  area.  If  the  cost  of  seeding  a  1-ha  site  was  $1,000  and 
the  density  after  one  year  was  one  plantW,  the  cost  of  each  live  plant  would  be  $0.10  (the  cost 
[$1,000]  divided  by  10,000  plants  [10,000  m^]  in  a  hectare,  each  meter  containing  a  single  plant). 
On  an  adjacent  1-ha  site,  a  fence  is  built  to  keep  out  herbivores.  The  fence  costs  $1,000  to  build 
so  the  total  cost  of  the  revegetation  effort  is  $2,000.  The  density  on  this  site  increased  to 
3  plants/m  beeause  many  plants  were  not  eaten.  The  comparable  cost  on  a  per-live-plant  basis 
is  $0,067  (30,000  plants  at  a  cost  of  $2,000).  The  fence  was  cost-effective.  The  need  for  a  fence 
will  not  be  the  same  for  every  site  (some  areas  are  not  grazed)  so  data  must  be  gathered  from 
your  site  or  in  sites  that  are  similar  if  the  data  are  to  be  used  appropriately  in  this  analysis. 
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One  cannot  conduct  this  kind  of  analysis  without  monitoring  success.  One  cannot  get  the  most 
for  the  reclamation  dollar  spent  without  conducting  a  cost-effectiveness  analysis.  This  is  why 
monitoring  of  costs  and  success  of  reclamation  projects  are  so  important.  Gathering  this  type  of 
data  and  making  cost-effective  decisions  are  often  processes  that  will  take  several  years 
depending  on  how  many  sites  are  reclaimed  on  your  installation.  Given  that  there  is  often  a  high 
turnover  of  personnel  particularly  at  DoD  sites,  it  is  important  that  these  efforts  are  well 
documented  so  they  can  be  passed  on  to  the  next  people  who  will  be  responsible  for  reclamation 
at  the  installation.  Good  record  keeping  caimot  be  overemphasized. 
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6.0  DECISION  TOOLS  FOR 
SELECTION  OF  RECLAMATION  TECHNIQUES 


This  manual  is  designed  to  give  the  user  an  understanding  of  the  various  techniques  that  are 
available,  and  vi'hen  and  where  their  use  is  appropriate.  The  user  can  then  evaluate  and  select 
techniques  based  on  the  specific  needs,  budgets,  and  constraints  of  their  sites.  This  section 
provides  decision  tools  that  help  guide  the  user  through  the  planning  process  to  ensure  that  all 
applicable  reclamation  techniques  are  properly  considered. 


6.1  OBJECTIVES 

The  objective  of  this  section  is  to  provide  decision  tools  that  will  assist  the  user  in  deciding  what 
needs  to  be  done  to  achieve  successful  reclamation.  The  reclamation  techniques  were  described 
in  Section  3.0,  Reclamation  Techniques,”  however,  not  all  techniques  are  applicable  to  every 
site,  therefore,  a  flow  diagram  and  table  of  techniques  are  provided  to  direct  the  user  back  to 
specific  techniques  that  may  be  applicable.  Techniques  included  in  the  flow  diagram  and  table 
are  identified  under  different  priority  and  slope  combinations  to  help  focus  the  applicable 
techniques.  Every  site  has  unique  conditions  and  characteristics  so  that  a  site-specific  plan  needs 
to  be  developed  for  each  area  with  the  input  of  individuals  who  are  most  familiar  with  the  site. 
These  decision  tools  help  direct  the  development  of  a  site-specific  plan. 

6.2  PRINCIPLES 

It  is  intended  that  this  manual  will  provide  principles  that  will  lead  to  sound  ecosystem 
management.  Reclamation  in  arid  areas  is  a  difficult  and  often  slow  process.  Many  reclamation 
projects  are  not  successful  in  part  because  proper  principles  are  not  followed.  Even  with  the  best 
techniques,  success  is  not  guaranteed  particularly  if  irrigation  is  not  used.  Wallace  et  al.  (1980) 
report  that  precipitation  is  adequate  in  only  3  out  of  1 0  years  for  natural  revegetation  to  occur. 
Using  current  techniques,  we  have  been  able  to  improve  on  that  percentage  but  failures 
particularly  during  drought  periods  will  still  occur.  Utilizing  correct  principles,  a  resource 
manager  can  develop  a  program  that  will  ensure  sustainable  use  of  their  area  without 
envirorunental  degradation  and  loss  of  valuable  soil  resources. 

Figures  1-2  and  1-3  (figures  previously  cited)  show  the  costs  associated  with  allowing  a  site  to 
degrade  to  a  point  where  recovery  is  very  difficult  and  costly.  The  best  thing  that  a  resource 
manager  can  do  is  to  not  allow  a  site  to  be  degraded  to  the  point  that  resistant  plants  and  soil 
resources  are  being  lost  (Phase  IV,  V  in  Figure  1-1).  Several  techniques  (such  as  the  ATTACC 
methodology  used  by  the  Army)  have  been  developed  to  monitor  and  predict  impacts  of  various 
activities.  The  Army  has  also  developed  the  ITAM  program  that  is  designed  to  evaluate 
conditions  of  the  training  ranges  and  mitigate  impacts  so  the  ranges  can  support  sustainable  use. 
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6.3  FLOW  DIAGRAM 


Figure  6-1  provides  a  flow  diagram  of  decision  making  that  will  assist  a  user  of  this  manual  to 
determine  which  revegetation  and  erosion  control  techniques  should  be  considered  for  a  site. 

Many  sites  that  have  minor  degradation  can  recover  very  quickly  with  adequate  precipitation  or 
protection  from  further  disturbance  (Figure  6-2).  Conversely,  sites  that  will  be  used 
continuously  with  no  protection  should  not  be  revegetated  since  the  source  of  the  impact  is  still 
present. 

In  evaluating  the  need  for  reclamation  of  a  site,  the  first  question  to  ask  is,  “Is  the  site  heavily 
disturbed?”  (Decision  1).  Based  on  our  experience  in  the  Mojave  Desert,  a  site  is  heavily 
disturbed  if  vegetative  cover  is  under  6  pereent  or  if  you  are  losing  many  of  the  resistant  species 
on  the  site.  At  Fort  Irwin,  California,  the  resistant  species  include  creosote  bush,  white  bursage, 
and  desertsenna  (Senna  armata)  while  the  more  sensitive  species  included  rabbit  thorn  (Lycium 
pallidum)  and  burrobrush.  Appendix  9-2  of  the  Diagnostics  Users  Manual  (Hansen  and  Ostler, 
2002)  provides  a  valuable  technique  to  assess  sensitivity  of  species  to  disturbance  for  your  sites. 
Cover  values  may  be  higher  in  the  Great  Basin  and  Sonoran  Deserts  and  resistant  species  will 
certainly  differ  at  other  sites.  If  the  site  is  heavily  disturbed,  proceed  to  Decision  3.  If  the  site  is 
not  heavily  disturbed,  a  second  question  is  asked,  “Is  erosion  a  problem?”  (Decision  2).  If  the 
answer  to  that  question  is  no,  then  the  site  ean  be  allowed  to  revegetate  naturally  (Box  A).  These 
sites  should  be  monitored  periodically  to  see  if  their  status  has  ehanged.  If  the  site  experiences 
further  degradation,  it  may  fall  back  into  the  heavily  disturbed  category.  If  erosion  is  a  problem, 
proeeed  to  Decision  3.  This  decision  asks  the  question,  “Will  future  intensity  of  use  allow 
revegetation?”  If  the  site  is  still  being  heavily  used,  revegetation  is  not  practical,  but  one  needs 
to  assess  if  erosion  is  a  problem  on  the  site  (Decision  4).  If  erosion  is  not  a  problem,  then  the  site 
can  be  used  continually  and  may  be  eonsidered  as  a  short-term  sacrifice  area  (Box  B).  If  erosion 
is  a  problem  for  the  site,  then  the  user  needs  to  select  appropriate  erosion  control  techniques 
(Box  D)  from  Section  3.1,  “Erosion  Control”  and  Table  6-1  to  minimize  erosion.  If  the  answer 
to  Decision  3  is  yes,  the  user  should  select  the  appropriate  revegetation  techniques  (Box  C)  from 
Figure  6-1  and  Sections  3.0,  “Reclamation  Techniques.”  The  techniques  can  then  be 
implemented  and  evaluated  for  effectiveness  (Box  E). 

6.4  TABLE  OF  TECHNIQUES  TO  BE  CONSIDERED 

Table  6-1  is  a  table  of  techniques  that  should  be  considered  under  varying  levels  of  priority  and 
slope.  This  table  will  not  present  all  of  the  options  available  under  each  technique,  rather  it 
presents  the  more  common  options  and  those  that  would  be  generally  recommended.  It  is 
intended  to  assist  the  user,  but  not  be  the  absolute  answer  for  what  must  be  done  on  a  site. 

Two  factors,  priority  and  slope,  are  important  when  evaluating  which  techniques  to  use. 

6.4.1  Priority 

The  priority  level  is  determined  by  the  user  or  often  the  users  commander  or  manager  who 
directs  them  to  reclaim  a  site.  Examples  of  factors  that  influence  priority  are  visibility,  erosion 
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Figui*^^  thl.  Silt  recowrv  In  IWl  at  the  Naltonal  Trainini;  Ccnltr  from  a 
heavily  dlaturbetl  a  pm  ( I W(l>  after  111  rw  yean  of  gowl  precipiiaiiiKa. 


prohlenii  affectiEi^  opefuliOftS.  cros-ion  protiems  CfltJ&UlifL  VBlations  {tlcsti  Air  or  Clean  Water 
Acts)t  sii^n^tive'  trr  [tjiiDcatcd  habitat.  Many  nlhtrr  Fiieturs  con  inrtKm:?  ihc  prioflfy  Oti 

your  site.  We  have  atbitKiiily  t«co^ii£&d  only  iwo  kvete.  tiigli  and  low,  wlUiin  Uie  prinriiy 

.  Prioritk7in^  siltA  is;  very  uneFuL  piaflionlarly  if  one  ha.'i  limited  budgcEs  and  restHinces. 


fi.4.2  Slope  Steepness 

The  !ieeiind  factor  ip  a.s:icssing  appropriate  tcchniqucii  is  the  steepness  of  the  slopes  at  the  she, 
This  fkclOf  is  liJaptsrLaiit  because  il  impacts  the  use  of  many  types  of  rcclaiiLation  cquEpment. 
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Table  6-1.  Table  of  techniques  showing  recommended  considerations  by  priority  and  slope  steepness. 


Section 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

4.0 

Priority 

Slope  Steepness 

Erosion  Control 

Site  Preparation 

Soil  Amendments 

Seeding 

Planting 

Weed  Control  & 

Animal  Control 

Mulching 

Irrigation 

Site  Protection 

Monitoring  & 
Maintenance 

High 

>  3horizontal:1vertical 
(steeper  slopes) 

ARM,  BIO, 
CHEM,  CT, 
CULT,  DIV,  ECB, 

sc 

FERT 

BS.HS; 

COM,CC; 

PTS 

TU.CON, 

SPEC; 

CG;WI 

HA,  F,  PT 

BSM-T, 

BSM-N, 

EM 

DL 

Ed,  RC,  Sign, 
Map 

DUAL,  QUAN 

<  3horizontai:1vertical 
(flatter  slopes) 

ARM.  BIO, 
CHEM.  CULT, 
CF,  DIV,  MUL. 
PIT.  WB 

CHIS,  DISK,  HAR, 
RIP 

FERT,  ORG,  POLY, 

DS.BCS; 

COM.CC; 

PTS 

TU.CON, 
SPEC; 
CG;  Wl 

MA,  F,  PT 

BSM-C, 

PM 

DL.DT.PS 

Ed.  RC,  Sign. 
Map,  B/B 

QUAL,  QUAN 

Low 

>  3horizontal:1vertical 
(steeper  slopes) 

BIO,  CULT,  DIV 

BS,HS, 

ASiCOM 

TU,  CON: 
Wl 

BSM-T 

- 1 

Ed,  RC,  Map 

QUAL 

<  3horizontal:1vertical 
(flatter  slopes) 

BIO.  CULT,  DIV 

CHIS,  DISK.  HAR, 
RIP 

DS,BSC,A 
S;  COM 

TU.  CON; 
Wl 

BSM-CGB 

. 1 

Ed,  RC,  Map 

QUAL 

Technique  Abreviations; 

Erosion  Control 

ARM  =  Substrate  armoring 

BIO  =  Permanent  vegetative  cover 

CF  =  Contour  furrowing 

CHEM  =  Chemical  soil  stabilizers 

CT  =  Contour  trenching 

CULT  =  Cultural  techniques 

DIV  =  Diversion  structures,  barriers,  water  channeling 
ECB  =  Erosion  control  blanket 
MUL  =  Mulching 

PIT  =  Pitting,  impringing,  gouging  or  dozer  basins 

WB  =  Windbreaks 

Site  Preparation 

CHIS  =  Chiselling 

DISK  =  Disking 

HAR  =  Harrowing 

RIP  =  Ripping 

SC  =  Slope  chaining 


Soil  Amendments 

FERT  =  Fertilizer 

ORG  =  Organic  material 

POLY  =  synthetic  polymer  soil  conditioner 

Seeding 

AS=  aerial  seed 

BCS=  broadcast  cover  seed 

BS=broadcast  seed 

CC=custom  collected  seed 

COM=commercial  seed 

DS=drill  seed 

HS=hydroseed 

PTS=pre-treated  seed 

Planting 

CG=contract  grown 
CON=Copntainers 
SPEC=specimen-size 
TU=tubelings 
Wl=water  in  at  planting 


Weed/Animai  Control 
F=  Fence 

HA  =  Hand  apply  herbicide 
MA  =  Machine  apply  herbicide 
PT  =  Protective  tubes 
Mulching 

BSM-CGB  =  blow  straw  mulch  &  crimp 
(in  Great  Basin  only) 

BSM-N  =  Blow  straw  mulch  &  net 

BSM-T  =  Blow  straw  mulch  &  tackify 

EM  =  excelsior  mat 

PM  =  Plastic  mulch 

Irrigation 

DL=dhp  line 

DT=deep  tubes 

PS=portabte  sprinkler  (for  seeded  areas) 


Site  Protection 

B/B  =  Berm  or  barrier 
Ed  =  Education  of  Personnel 
Map  =  Locations  placed  on  map 
RC  =  Communication  w/Range  Control 
Sign  =  Signs  posted 
Monitoring  &  Maintenance 
QUAN  =  Quantitative  monitoring 
QUAL  =  Qualitative  monitoring 


Two  levels  are  recognized;  slopes  greater  (i.e.,  steeper)  than  3h;  1  v  and  slopes  less  than 
3:1  (i.e.,  flatter).  Generally  heavy  equipment,  tractors,  etc.,  cannot  operate  on  slopes  greater  than 
3:1;  this  alters  tremendously  which  techniques  can  be  used.  Some  operators  are  much  more 
experienced  than  others  and  can  work  slopes  up  to  2:1  but  these  are  generally  exceptions. 
Increased  slope  also  increases  the  potential  for  water  erosion  and  techniques  that  need  to  be 
implemented  to  ensure  that  erosion  does  not  become  a  problem. 


6.4.3  Techniques  to  be  Considered 

The  continuing  columns  of  the  table  include  those  techniques  that  should  be  considered  given  the 
site  priority,  slope  steepness,  and  other  site  characteristics.  These  are  listed  and  identified  in  the 
order  they  are  presented  in  Section  3.0,  “Reclamation  Techniques.”  Techniques  are  identified  by 
codes  due  to  space  concerns.  Abbreviations  are  listed  alphabetically  within  each  technique.  The 
techniques  identified  in  the  matrix  should  be  considered  and  evaluated  under  the  various 
conditions.  They  do  not  all  have  to  be  implemented  but  are  listed  so  the  user  who  knows  the  site 
can  make  a  more  informed  decision  on  what  is  available  and  what  will  be  best  for  that  site. 


6.5  LIMITATIONS  AND  SPECIAL  CONSIDERATIONS 

Information  on  technique  selection  presented  in  the  table  is  useful  as  general  guidance. 
Limitations  may  occur  based  on  site  conditions  such  as  soils,  which  may  make  suggested 
techniques  less  desirable.  Experienced  site  personnel  informed  with  all  the  options  will 
generally  make  the  best  decisions  regarding  which  techniques  are  most  effective.  An  effective 
technique  used  in  one  year  may  not  be  the  best  in  every  subsequent  year  if  site  conditions, 
climate,  or  soils  change.  It  is  useful  to  continue  to  evaluate  new  techniques  (on  a  small  scale) 
every  year  to  expand  the  options  available  to  the  user  and  to  search  for  more  cost-effective 
techniques. 
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7.0  RECOMMENDATIONS 


Based  upon  findings  from  many  years  of  experiments  during  this  project  and  from  practical 

experienced  gained  in  actually  using  techniques,  several  conclusions  can  be  drawn  and  the 

following  recommendations  are  made: 

7.1  RECLAMATION  PLANNING 

•  Failure  to  develop  and  implement  a  suitable  reclamation  plan  is  the  most  common  reason  for 
failure  of  reclamation  projects  in  arid  lands.  A  reclamation  plan  should  be  developed  that 
clearly  states  the  goals  and  land-use  objectives  of  the  reclamation  effort. 

•  The  reclamation  plan  should  be  complete  and  specific  for  your  site.  It  should  include 
land-use  objectives,  constraints,  subcontracting,  scheduling,  site  assessment,  site  preparation, 
species  selection,  technique  selection,  monitoring,  and  remediation. 

•  The  planning  process  should  be  started  early,  preferably  at  the  inception  of  the  project 
development  activities,  and  should  include,  where  feasible,  input  on  concerns  and  priorities 
from  stakeholders. 

7.2  EROSION  CONTROL 

•  Soils  that  are  impacted  by  training  activities  are  subject  to  erosion  by  wind  and  water.  This 
erosion  creates  adverse  impacts  that  affect  training,  safety,  revegetation  success,  and 
operational  costs.  In  order  for  training  activities  to  be  sustainable,  erosion  must  be 
controlled. 

•  Uncontrolled  erosion  removes  soil  resources  such  as  soil  fines,  organic  matter,  nutrients,  and 
microorganisms  are  essential  for  plant  establishment  and  growth.  Areas  where  erosion  is 
severe  should  be  evaluated  and  prioritized  to  determine  if  they  should  be  considered  sacrifice 
areas.  Techniques  should  then  be  implemented  by  priority  as  soon  as  possible  to  reduce 
damage  to  the  site. 

•  The  main  principles  of  erosion  control  are  understanding  the  erosion  process  and  factors 
contributing  to  erosion,  dissipating  the  energy  of  wind  and  flowing  water,  controlling  where 
water  flows,  reducing  saltation  by  wind,  controlling  sediment  transport  and  deposition, 
protecting  soil  resources,  and  protecting  plants  from  mechanical  damage. 

•  Users  should  become  familiar  with  physical,  chemical,  and  biological  techniques  for 
controlling  erosion  and  the  costs  and  limitations  of  these  techniques. 

•  Earth-disturbing  activities,  such  as  trenching,  new  road  building,  and  encampments,  that 
totally  remove  vegetation  from  the  soil  surface  have  the  greatest  impact  on  site  stability.  If 
possible,  directing  these  activities  to  previously  disturbed,  existing  sites  will  minimize 
erosion  and  reduce  mitigation  costs  dramatically. 
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7.3  SITE  PREPARATION 


•  Sites  that  have  been  disturbed  have  soil  conditions  such  as  compaction  and  erosive  surfaces 
that  are  not  conducive  for  controlling  erosion  and  revegetating  these  areas.  Such  areas  must 
be  prepared  before  mitigation  efforts  can  be  successful  and  effective. 

•  The  sites  are  treated  with  various  techniques  to  control  erosion,  provide  safe  sites  for  seed 
and  transplants,  enhance  plant  growth  to  make  them  more  resilient  to  adverse  training 
activities,  reduce  competition  between  desirable  perennial  plants  and  undesirable  short-lived 
weeds  that  increase  the  risk  of  fire,  provide  proper  soil  aeration,  good  water  infiltration  and 
retention,  and  proper  soil  structure.  Users  should  become  familiar  with  site  preparation 
techniques,  such  as  ripping,  disking,  and  harrowing,  to  mitigate  undesirable  site  conditions. 

•  UXO  may  affect  site  preparation  activities.  Users  should  communicate  frequently  and 
thoroughly  with  installation  personnel  before  earth-altering  activities  are  implemented.  If 
necessary,  the  site  should  be  cleared  by  experts  before  beginning  such  site  preparation 
techniques. 

•  Proper  planning  before  site  preparation  begins  will  ensure  that  biological  resources,  such  as 
beneficial  soil  microorganisms,  salvageable  plant  materials,  and  topsoil,  are  identified  and, 
where  feasible,  salvaged  to  accelerate  the  recovery  of  severely  disturbed  sites. 

7.4  SOIL  AMENDMENTS 

•  Soil  provides  a  medium  that  encourages  seed  germination  and  proper  plant  growth.  Heavily 
disturbed  soils  may  be  lacking  in  water,  nutrients,  aeration,  proper  structure,  and  tolerable 
temperatures.  Soil  amendments  may  be  added  to  ameliorate  these  adverse  soil  conditions. 

•  Soil  amendments  include  the  use  of  synthetic  polymer  soil  conditioners,  adding  organic 
matter,  and  fertilization.  The  user  should  become  familiar  with  the  alternative  soil 
amendments  and  their  costs  and  limitations. 

•  Soil  chemistry  may  not  always  be  conducive  to  revegetation,  especially  under  saline,  sodic, 
or  acid  soil  conditions.  Users  should  utilize  a  reasonable  program  of  soil  mapping  and 
testing  to  determine  soil  characteristics,  nutrient  deficiencies,  and  other  potential  adverse  soil 
conditions  that  may  necessitate  the  use  of  soil  amendments. 

•  Site  experimentation  on  a  small  scale  can  help  the  user  evaluate  the  cost  effectiveness  of 
using  soil  amendments,  especially  in  the  long-term.  The  concept  of  control  areas  and  proper 
documentation  should  be  used  to  facilitate  the  evaluation  of  specific  soil  treatments. 

7.5  SEEDING 

•  Plant  species  used  for  seeding  should  be  species  native  to  the  revegetation  site.  Other  species 
may  be  considered  if  they  are  adapted  to  site-specific  environmental  conditions  or  are  known 
to  have  occurred  at  the  site  in  the  past. 
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•  Direct  seeding  is  a  commonly  used  method  to  introduce  viable  seed  into  disturbed  soils. 
Direct  seeding  carries  risks  because  it  relies  heavily  on  natural  processes  for  seed 
stratification,  germination,  and  plant  growth. 

•  Direct  seeding  can  be  successful  if  quality  seed  is  used,  appropriate  seed  mixes  are 
developed,  seeding  is  completed  during  the  seeding  window,  there  is  good  seed  to  soil 
contact  during  seeding,  and  there  is  sufficient  soil  moisture  for  seed  germination  and  plant 
establishment. 

•  Broadcast  seeding  is  appropriate  for  hard  to  access  sites,  such  as  steep  slopes  or  rocky  soils. 

It  requires  larger  quantities  of  seed  and  usually  requires  special  equipment. 

•  Drill  seeding  is  commonly  used  on  level  terrain  accessible  to  revegetation  equipment  such  as 
tractors,  disks,  drill  seeders,  etc.  Seeding  rates  for  drill  seeding  are  usually  about  half  of  the 
rates  used  for  broadcast  seeding.  Rangeland  drill  seeders  are  commonly  used  to  distribute 
the  seed.  Drill  seeders  equipped  with  multiple  seed  bins  can  accommodate  different  seed 
shapes,  sizes,  and  weights. 

•  Native  seed  is  available  from  numerous  seed  companies  located  in  the  western  United  States. 
If  seed  is  not  available  commercially  and  the  particular  species  is  considered  essential  to  the 
success  of  the  revegetation  project,  some  seed  companies  can  also  perform  custom  seed 
collections.  Custom  collections  of  native  seed  may  require  special  seed  collecting 
equipment,  seed  cleaning  equipment,  and  special  seed  storage  facilities.  Permits  may  also  be 
required,  particularly  from  federal  or  state  land  management  agencies. 

7.6  PLANTING 

•  For  greatest  long-term  success,  plant  materials  should  be  adapted  to  site  conditions.  If  plant 
materials  are  not  available  commercially,  it  may  be  necessary  to  make  custom  seed 
collections  and  contract  with  local  nurseries,  experienced  in  growing  native  plants,  to  grow 
the  plants. 

•  All  plant  material  should  be  hardened  before  leaving  the  nursery.  This  may  require  several 
weeks  or  even  months.  If  plant  materials  are  not  hardened,  the  shock  of  moving  from 
greenhouse  conditions  to  the  revegetation  site  may  result  in  low  survival  rates. 

•  Plant  materials  should  be  protected  from  wind  and  sun  when  delivered  to  the  site.  Plants 
should  be  watered  and  not  allowed  to  dry  out  prior  to  planting.  When  planting,  roots  should 
be  covered  and  native  soil  firmly  packed  around  them  to  avoid  drying.  If  soil  moisture  is  not 
adequate  at  the  time  of  planting,  transplants  should  be  watered-in. 

•  Young  transplants  should  be  protected  once  they  are  in  the  ground.  Provide  adequate 
protection  from  herbivory  and  desiccation. 
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•  Salvaging  plants  from  land-disturbing  activities  in  the  vicinity  of  the  reclamation  site  should 
be  considered.  Federal  and  state  agencies  frequently  allow  salvage  of  native  plant  materials 
prior  to  a  predetermined  land  disturbance  (i.e.,  pipeline,  road,  etc.). 

7.7  GRAZING  AND  WEED  CONTROL 

•  Grazing  by  large  or  small  herbivores  can  have  devastating  effects  on  revegetation  efforts. 
Where  these  herbivores  are  problematic,  control  techniques,  such  as  fencing  or  tree  shelters, 
should  be  implemented  to  protect  revegetated  sites. 

•  Seed  that  is  sown  in  disturbed  areas  is  also  subject  to  predation  by  rodents,  ants,  and  birds. 
Seed  needs  to  be  buried  at  a  proper  depth  so  it  is  less  available  to  seed-eaters.  Also,  it  should 
be  sown  at  the  proper  time  to  minimize  the  time  prior  to  germination. 

•  Weeds  can  become  serious  problems  if  areas  are  disturbed  and  left  unvegetated  for  a  long 
time.  Weeds  will  compete  with  desirable  species  during  revegetation  and  will  often 
out-compete  these  species  for  needed  resources,  particularly  water.  Areas  infested  with 
weeds  may  need  to  be  treated  prior  to  revegetation  efforts.  If  weeds  are  a  problem  during 
revegetation,  they  should  be  treated  with  a  selective  herbicide  or  pre-emergent  herbicide. 
Reducing  fertilizers,  particularly  nitrogen,  during  revegetation  implementation  will  help 
avoid  weed  problems. 

•  Weeds  can  lead  to  serious  fire  problems  and  create  conditions  that  increase  fire  frequency. 
Control  weeds  early  before  they  become  major  problems.  Seed  with  desirable  species  in 
burned  areas  to  discourage  invasion  of  weeds. 

7.8  MULCHING 

•  Mulch  acts  to  control  erosion  on  disturbed  sites.  Mulch  slopes  and  other  erosion-prone  areas 
retain  soil  resources  or  capture  blowing  sand. 

•  Mulch  acts  to  conserve  soil  moisture  and  improve  depleted  soils.  Organic  mulches,  such  as 
straw,  that  are  crimped  are  recommended  for  most  disturbed  areas.  They  not  only  provide 
for  soil  protection  but  organic  mulches  provide  a  substrate  for  soil  microbes,  encourage 
nutrient  cycling,  aerate  the  soil,  and  increase  infiltration. 

•  Other  types  of  mulches  are  useful  for  particular  applications  and  purposes.  Plastic  mulches 
have  been  shown  to  be  effective  at  conserving  moisture  and  increasing  soil  temperatures, 
both  of  which  enhance  germination  of  some  Mojave  Desert  species. 

7.9  IRRIGATION 

•  Supplemental  irrigation  should  be  considered  if  natural  precipitation  is  low,  unreliable,  and 
unpredictable.  Seeding  success  is  dependent  on  sufficient  soil  moisture  for  seed  germination 
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and  plant  establishment.  If  there  is  not  sufficient  soil  moisture  available  naturally,  then 
supplemental  irrigation  should  be  considered. 

•  Supplemental  irrigation  should  be  applied  when  optimum  soil  and  air  temperatures  occur  for 
seed  germination  and  plant  growth.  Supplemental  irrigation  can  be  used  to  reduce  soil 
temperature  and  extend  the  seeding  window  if  necessary. 

•  The  amount  of  supplemental  irrigation  should  be  the  difference  between  the  amount  of 
natural  precipitation  received  and  the  amount  required  for  good  seed  germination  and  plant 
growth.  Prolonged  irrigation  may  result  in  poor  root  development  and  overall  poor 
adaptation  to  natural  environmental  conditions. 

•  The  quality  of  the  water  used  for  irrigation  should  be  analyzed  for  salts  and  other  elements 
potentially  harmful  for  plant  growth. 

7.10  SITE  PROTECTION 

•  Environmental  regulations  and  permit  stipulations  may  dictate  practices  to  ensure  that 
sensitive  plant  and  animal  species  are  protected.  Users  should  familiarize  themselves  with 
these  stipulations  and  ensure  that  others  are  properly  educated. 

•  It  is  imperative  that  reclamation  technicians  understand  the  site  mission  and  training 
activities.  Users  should  seek  to  understand  these  requirements  and  work  harmoniously  with 
others  to  achieve  the  desired  objectives. 

•  Proper  communication  with  installation  persoimel  will  help  ensure  success  in  achieving  the 
reclamation  objectives.  Users  should  seek  opportunities  to  communicate  and  educate  site 
persoimel  about  reclamation  objectives. 

•  A  variety  of  physieal  and  eultural  (social)  tools  are  available  to  ensure  site  protection.  Users 
should  experiment  with  the  best  techniques  and  realize  the  limitations  of  each  tool. 

•  Monitoring  effectiveness  of  site  protection  measures  will  help  provide  needed  feedback  to 
alter  future  management  practices.  Users  should  be  committed  to  monitoring  in  a  timely 
fashion  to  ensure  that  investments  are  not  wasted  and  to  foster  adaptive  management 
practices. 

7.1 1  MONITORING  AND  REMEDIATION 

•  The  main  purpose  of  monitoring  is  to  assess  if  reclamation  objectives  are  being  met,  locate 
problems,  and  evaluate  success.  All  reclamation  projects  should  be  monitored  and  results 
documented.  Funds  should  be  allocated  for  monitoring.  This  will  save  money  in  the  long 
run  by  documenting  what  techniques  have  been  successful  and  eost-effective. 

•  Monitoring  should  include  photographs  or  video  of  the  sites  from  standardized  photo  points. 
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•  Standardized  checklists  will  facilitate  evaluations. 

•  Quantitative  monitoring  should  be  performed  at  key  times,  (i.e.,  one  year,  two  years,  and 
five  years). 

•  Success  criteria  should  be  established  as  part  of  the  reclamation  plan. 

•  Reference  areas  or  pre-disturbance  conditions  should  be  established.  Monitoring  results 
should  be  compared  to  these  reference  areas  or  pre-disturbance  conditions  to  evaluate  if 
success  criteria  have  been  met. 

•  Document  the  results  of  your  monitoring.  It  is  imperative  that  results  are  summarized  and 
communicated  to  the  right  people.  Document  what  was  done,  what  were  the  problems,  what 
worked,  and  what  did  not  work.  This  will  help  you  or  your  successor  the  next  time. 

•  Remedial  actions  need  to  be  taken  to  fix  or  correct  problem  areas  before  the  problem  gets 
worse.  Every  effort  should  be  made  to  implement  remedial  actions  as  soon  as  possible, 
especially  if  active  accelerated  erosion  is  taking  place. 

7.12  COSTS 

•  All  projeets  have  limited  budgets  and  reducing  costs  is  an  important  goal.  To  accomplish 
this,  costs  of  various  reclamation  treatments  should  be  documented  as  well  as  their  success. 
These  monitoring  results  should  be  compared  on  a  standardized  basis,  such  as  cost  per 
established  plant,  not  on  the  overall  costs  of  the  projects. 
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APPENDIX  9.1  SAMPLE  SEED  MIX  MATRIX.  SEEDING  RATE  IS  20 

PLS  LBS/ACRE. 


Scientific  Name 

No.  Pure 

Live  Seed 
/lb  [A] 

Recommended 

Rate 

(PLS  Ibs/a) 

[B] 

Factors  to  consider  in  determining  the  recommended 
seeding  rate 

Cost  B*No. 

Acres*C 

Density 
(plants/ft^)  in 
Reference 

Area 

Ease  of 

Establishment 

Cost/PLS  lb 
[C] 

No.  PLS/ft^ 
A*B/43,560 

SHRUBS 

Atriplex  confertifolia 

64,900 

0.09 

Good 

$  15 

7.2 

Ephedra  nevadensis 

19,875 

2.7 

0.03 

Good 

$  15 

1.2 

$  41 

Ericameria  nauseosa 

693,200 

0.2 

0.02 

Good 

$  10 

3.2 

$  2 

450,000 

0.3 

0.0^ 

Good 

3.1 

$  12 

Grayia  spinosa 

166,765 

0.6 

0.01 

Fair 

$  30 

2.3 

$  18 

Hymenoclea  salsola 

110,000 

■■ 

0.04 

Fair 

mm 

6.1 

$  108 

Krascheninnikovia 

lanata 

112,275 

4.7 

0.11 

Good 

$  32 

12.1 

$  150 

Lycium  andersonii 

194,000 

0.2 

0.01 

Poor 

$  55 

0.9 

$  11 

Picrothamnus 

desertorum 

4,000,000 

0.1 

0.09 

Fair 

$  400 

9.2 

GRASSES 

Achnatherum 

hymenoides 

161,920 

2.6 

0.09 

Fair 

$  15 

9.7 

$  39 

Achnatherum 

speciosum 

172,000 

o.o' 

0.02 

Fair 

$ 

0.0 

$ 

Elymus  elymoides 

191,555 

1.2 

0.03 

Good 

$  25 

5.3 

$  30 

FORBS 

Sphaeralcea  ambigua 

500,000 

0.2 

0.02 

Good 

2.3 

$  9 

TOTALS 

20.0 

0.6 

62.4 

|Cost/Acre:  $ _ 532 

'  =  Seed  not  available 

^  =  Species  not  in  reference  area  but  adapted  to  site 


APPENDIX  9.2  PRE-TREATING  SEED  TO  ENHANCE 
GERMINATION  OF  DESERT  SHRUBS 


APPENDIX  9.3  REGIONAL  COST  ESTIMATES  FOR 
RECLAMATION  PRACTICES  ON  ARID  AND  SEMIARID  LANDS 


DOE/NV/1 1718— 715 


Pre-treating  Seed  to  Enhance  Germination  of  Desert  Shrubs 


W.  Kent  Ostler,  David  C.  Anderson,  Dennis  J.  Hansen,  and  Derek  B.  Hall 


Keywords:  Creosote  bush,  white  bursage,  Mojave  Desert,  seeding,  germination, 
revegetation,  restoration,  seed  priming 


Authors  are  senior  scientists  with  Bechtel  Nevada,  Las  Vegas, 

Nevada  89193. 

DOE/NV/11718~715.  This  was  supported  by  the  Strategic  Environmental 
Research  and  Development  Program,  under  Project  No.  CS  1131.  Work 
performed  under  Contract  No.  DE-AC08-96NV1 1718. 


DISCLAIMER 


This  report  was  prepared  as  an  account  of  work  sponsored  by  an  agency  of  the 
U.S.  Government.  Neither  the  U.S.  Government  nor  any  agency  thereof,  nor  any 
of  their  employees,  nor  any  of  their  contractors,  subcontractors  or  their 
employees,  makes  any  warranty  or  representation,  express  or  implied,  or 
assumes  any  legal  liability  or  responsibility  for  the  accuracy,  completeness,  or 
usefulness  of  any  information,  apparatus,  product,  or  process  disclosed,  or 
represents  that  its  use  would  not  infringe  privately  owned  rights.  Reference 
herein  to  any  specific  commercial  product,  process,  or  service  by  trade  name, 
trademark,  manufacturer,  or  otherwise,  does  not  necessarily  constitute  or  imply 
its  endorsement,  recommendation,  or  favoring  by  the  U.S.  Government  or  any 
agency  thereof.  The  views  and  opinions  of  authors  expressed  herein  do  not 
necessarily  state  or  reflect  those  of  the  U.S.  Government  or  any  agency  thereof. 


COPYRIGHT  STATEMENT 

By  acceptance  of  this  article,  the  publisher  and/or  recipient  acknowledges  the 
U.S.  Government’s  right  to  retain  a  nonexclusive,  royalty-free  license  in  and  to 
any  copyright  covering  this  paper. 


Abstract 


Creosotebush  [Larrea  tridentata  (D.C.)  Cav.]  and  white  bursage  [Ambrosia 
dumosa  (A.  Gray)  W.W.  Payne]  seeds  were  subjected  to  pre-treatments  of 
rinsing  and  soaking  in  water  and  thiourea  to  enhance  germination  in  laboratory 
experiments.  The  effects  of  darkness,  temperature,  seed  source,  and  soil 
moisture  were  also  evaluated  in  the  laboratory.  The  best  pre-treatment  from  the 
laboratory  experiments,  rinsing  with  water  for  36  hours  followed  by  drying,  was 
field-tested  at  Fort  Irwin,  California.  Two  sites  and  two  seeding  dates  (early 
March  and  mid  April)  were  determined  for  each  site.  Five  mulch  treatments  (no 
mulch,  straw,  gravel,  chernical  stabilizer,  and  plastic)  were  evaluated  in 
combination  with  the  seed  pre-treatments.  Field  emergence  was  greatly 
enhanced  with  the  seed  pre-treatment  for  white  bursage  during  the  March 
(18-42%  increase  in  germination)  and  April  seedings  (16-23%  increase  in 
germination).  Creosotebush  showed  poor  germination  during  March  (2-5%) 
when  soil  temperatures  averaged  15°C,  but  germination  increased  during  the 
April  trials  (6-43%)  when  soil  temperatures  averaged  23°C.  The  seed 
pre-treatment  during  the  April  trials  increased  germination  from  16-23%.  The 
plastic  mulch  treatment  increased  germination  dramatically  during  both  the 
March  and  April  trials.  The  plastic  mulch  increased  soil  temperatures  (8-1 0°C) 
and  maintained  high  humidity  during  germination.  Both  the  chemical  stabilizer 
and  the  gravel  mulches  improved  germination  over  the  control  while  the  straw 
mulch  decreased  germination.  These  results  suggest  that  seed  pre-treatments 
combined  with  irrigation  and  mulch  are  effective  techniques  to  establish  these 
two  dominant  Mojave  Desert  species  from  seed. 
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Introduction 


Creosotebush  [Larrea  tridentata  (D.C.)  Cav.]  is  a  dominant  or  co-dominant 
member  of  most  plant  communities  in  the  Mojave,  Sonoran,  and  Chihuahuan 
deserts.  Creosotebush  occurs  on  14-18  million  hectares  in  the  Southwest  (Cable 
1973).  Creosotebush  is  a  native,  drought-tolerant  evergreen  shrub  that  averages 
about  2  meters  (m)  in  height  and  width  but  can  grow  up  to  4  m  under  proper 
conditions.  White  bursage  {Ambrosia  dumosa  [A.  Gray]  W.W.  Payne)  is  a 
dominant  or  co-dominant  member  of  most  plant  communities  in  the  Mojave  and 
Sonoran  deserts.  White  bursage  is  a  native,  drought-deciduous  shrub  growing 
from  0.2-0.6-m  tall  in  a  compact  hemispheric  shape.  These  two  species  often 
occur  together  and  form  the  creosote-white  bursage  association  that  covers 
approximately  70  percent  of  the  Mojave  Desert  (MacMahon  1988,  Shreve  1942). 

Creosotebush  is  unpalatable  to  livestock  and  most  browsing  wildlife,  but  it 
is  an  important  source  of  habitat  and  food  for  many  small  mammals  and  reptiles 
(Baxter  1988,  Boyd  et  al.  1983,  Hoagland  1992,  and  Monson  and  Kessler  1940). 
White  bursage  is  moderately  palatable  to  cattle  and  sheep  and  more  palatable  to 
wild  horses  and  feral  asses  (Hanley  and  Brady  1977).  Transplants  and  seedlings 
of  white  bursage  are  often  browsed  and  the  seeds  are  often  eaten  by  desert 
rodents  (Reichman  1976). 

Some  of  the  earliest  germination  requirements  research  of  creosotebush 
was  conducted  over  30  years  ago  (Barbour  1968,  Graves  et  al.  1975).  There 
has  been  valuable  research  conducted  over  the  past  three  decades  on 
revegetation  of  arid  environments,  particularly  using  native  species  (Clary  1983, 
McKell  1979,  McMullen  1992,  Sabo  et  al.  1979,  Wallace  et  al.  1980,  and 
Winkel  et  al.  1999)  and  pre-treating  or  priming  methods  (Ansley  and  Abernathy 
1984,  Kay  et.  al.  1977a,b).  Yet  despite  this,  there  is  much  that  is  unknown  and 
revegetation  by  direct  seeding  of  creosotebush  and  white  bursage  has  not  been 
very  successful.  Reclamation  scientists  have  generally  recommended 
transplanting  these  species  (Graves  et  al.  1975).  Survival  rates  of  transplants  of 
these  species  have  been  good  (60-80%)  when  planted  and  irrigated  properly  the 
first  year  (Clary  and  Slayback  1985,  Miller  and  Holden  1993,  and  Tipton  and 
Taylor  1984).  However,  transplanting  is  much  more  expensive  than  direct 
seeding.  White  bursage  and,  to  a  lesser  extent,  creosotebush  will  naturally 
invade  disturbances  given  adequate  time  and  precipitation,  but  this  may  take 
tens  to  hundreds  of  years  (Angereret  al.  1994  and  Webb  and  Wilshire  1980). 

Arid  lands  are  currently  being  used  much  more  for  both  recreational  and 
military  training  than  they  have  in  the  past.  This  use  creates  disturbances  and 
loss  of  vegetation  that  if  not  mitigated  leads  to  soil  erosion  and  loss  of  wildlife 
habitat.  Federal  agencies  have  recognized  their  role  as  land  stewards  and  are 
focusing  on  ecosystem  management  principles  to  assist  with  this  role  (Robertson 
1992  and  U.S.  Department  of  Energy  [DOE]  1996).  The  goal  of  our  research 
work  is  to  mitigate  the  impacts  of  U.S.  Department  of  Defense  and  DOE  activities 
in  arid  lands. 

The  objectives  of  this  study  were  to  (1)  determine  if  pre-treating  seed 
could  enhance  germination  of  creosotebush  and  white  bursage  in  the  laboratory. 
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(2)  evaluate  suitable  pre-treatments  under  field  conditions,  and  (3)  assess  the 
impact  of  environmental  conditions  (temperature,  soil  moisture,  mulch,  and  soils) 
on  seed  germination  of  these  two  species. 


Methods  and  Materials 


Seed  Procurement 

Seed  for  this  study  was  purchased  from  commercial  seed  companies 
specializing  in  native  seed.  Creosotebush  seed  was  collected  in  Arizona  for  the 
laboratory  experiments  and  in  southern  California  for  the  field  trials.  White 
bursage  seed  was  collected  mainly  from  Arizona  (some  from  California)  for  the 
laboratory  experiments  and  from  northern  Arizona  for  the  field  trials. 

Laboratory  Experiments 

Three  separate  experiments  were  conducted  from  October  2000  to 
February  2001 .  The  first  experiment  tested  four  major  seed  pre-treatments: 
rinsing  with  running  water,  rinsing  followed  by  drying  of  seed,  soaking  in  water, 
and  soaking  in  thiourea.  Seeds  were  (1)  placed  in  running  water  for  24,  36,  48, 
and  140  hours  and  then  placed  in  petri  dishes  or  (2)  treated  as  above  and  then 
dried  for  12  hours  and  placed  in  petri  dishes.  Seeds  were  soaked  in  water  for  24 
or  48  hours  prior  to  placement  in  petri  dishes.  Other  seed  was  soaked  in 
thiourea  for  5  minutes  prior  to  placement  in  petri  dishes.  One  hundred  seeds  of 
creosote  and  100  seeds  of  white  bursage  were  treated  and  placed  in  petri  dishes 
to  assess  germination  with  each  treatment  being  replicated  three  times.  Seeds 
where  counted  as  germinated  when  a  radicle  2  millimeters  in  length  had 
emerged  from  the  seed.  Germination  was  recorded  for  2  weeks. 

The  second  experiment  utilized  three  seed  pre-treatments  (control-no 
rinse,  30-hour  rinse  with  water,  and  40-hour  rinse  with  water)  to  assess  the 
effects  of  darkness,  seed  source,  drying,  and  chilling  of  seeds  on  germination. 
Again  100  seeds  of  both  creosote  and  white  bursage  where  used  and  each 
treatment  had  three  replications.  The  dark  treatment  consisted  of  two  levels, 
total  darkness  and  12  hours  of  light  followed  by  12  hours  of  darkness.  Two 
different  seed  lots  were  used  of  both  creosotebush  (both  from  Arizona  but 
separate  locations)  and  white  bursage  (one  from  Arizona  and  one  from 
California)  to  assess  the  impact  of  seed  source.  The  drying  treatment  had  two 
levels,  no  drying  and  12  hours  of  drying.  The  chilling  (refrigeration  at  35°  C)  of 
seeds  following  pre-treatment  had  two  levels,  no  chilling  and  chilling  for  158 
hours.  After  treatment,  all  seeds  for  both  species  were  placed  in  petri  dishes  and 
germination  was  recorded  for  three  weeks.  The  total  number  of  seeds 
germinated  for  each  treatment  was  used  for  comparisons. 

The  third  experiment  tested  seed  treatments  in  a  soil  matrix  at  varying 
temperatures  and  soil  moisture  contents.  The  four-seed  pre-treatments 
consisted  of  a  control  (untreated)  seed,  seed  that  was  rinsed  for  48  hours,  seed 
that  was  rinsed  for  48  hours  followed  by  12  hours  of  drying,  and  seed  that  was 
soaked  for  48  hours.  (For  creosotebush,  a  fifth  treatment  of  soaking  for  96  hours 
was  included.)  After  the  seed  was  treated,  it  was  sown  into  pots  containing  a 
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sand  matrix.  Three  temperature  regimes  were  tested:  average  daytime 
temperatures  of  22°C  with  nighttime  temperatures  averaging  18°C,  daytime 
temperatures  of  13°C  with  nighttime  temperatures  of  9°C,  and  daytime 
temperatures  of  8°C  with  nighttime  temperatures  of  4°C.  Pots  were  instrumented 
with  thermistor  soil  cells  (Cambell  Scientific)  and  moisture  data  were  recorded 
regularly.  Four  moisture  levels,  90%,  80%,  60%,  and  40%,  were  evaluated. 

Pots  were  watered  and  allowed  to  dry  until  the  particular  treatment  moisture  level 
(90-40%)  was  reached  at  which  time  the  treatment  pots  were  watered  and  the 
process  was  repeated.  Germination  was  recorded  for  3  weeks  and  the  total 
number  of  seedlings  of  creosotebush  and  white  bursage  were  recorded  for  each 
treatment  and  was  used  for  analysis. 

Field  Trials 

The  laboratory  experiments  helped  significantly  in  refining  the  field  trials. 
Trials  occurred  at  two  locations  (Fig.  1)  with  separate  desert  soil  types  (site  1  - 
Gravesummit  loamy  sand  and  site  2  -  Rositas  loamy  sand).  Treatments  were 
arranged  in  a  split-plot  design  with  the  mulch  treatments  as  main  plots  and  the 
seed  pre-treatments  (control  and  rinsing  seeds  for  36  hours  followed  by  drying 
for  2  hours)  arranged  in  a  completely  randomized  factorial  as  subplots.  Because 
of  the  need  to  conserve  moisture  and  protect  the  soil  from  erosion,  five  mulch 
treatments  [no  mulch,  gravel,  straw,  stabilizer  (M-binder@),  and  plastic]  were 
evaluated.  Also,  two  seeding  dates  (early  March  and  mid  April)  were  evaluated. 
Each  treatment  consisted  of  a  2  x  2-m  plot  with  three  replications  of  each  seed 
pre-treatment  within  each  mulch  type.  Site  preparation  included  tilling  of  the  site 
to  reduce  compaction.  Plots  were  raked  slightly  and  then  hand-seeded  with  a 
mix  of  five  species  common  in  the  areas  at  rates  shown  in  Table  1 .  Following 
seeding,  the  plots  were  lightly  raked  and  rolled  to  ensure  good  seed-to-soil 
contact.  Mulch  treatments  were  then  applied.  Irrigation  was  applied  to  the  site  1 
for  10  days  following  seeding  with  a  total  of  4.65  centimeters  (cm)  of  water  being 
applied  during  that  period.  Site  2  received  irrigation  for  6  days  following  seeding 
with  a  total  of  2.95  cm  being  applied.  Soil  temperatures  averaged  near  15°C 
during  the  March  seeding  with  the  straw  mulch  plots  being  2-3°  C  lower  and  the 
plastic  mulch  plots  being  8-10°  C  degrees  warmer.  The  second  seeding 
occurred  on  16  April  with  site  preparation,  seeding  rates,  and  the  species  mix 
the  same  as  that  of  the  March  trials.  Irrigation  was  applied  to  both  sites  for  4 
days  following  seeding  with  a  total  of  5.9  cm  of  water  being  applied.  Both  sites 
received  an  additional  2.3  cm  of  irrigation  during  23-26  April  for  a  total  of  8.2  cm 
at  each  site.  Soil  temperatures  averaged  22°C  with  the  straw  mulch  plots  being 
2-3°  C  lower  and  the  plastic  mulch  plots  being  8-10°  C  warmer.  Fences  were  put 
up  around  the  sites  to  exclude  rabbits. 

Sampling  and  Data  Analysis 

Sampling  of  field  plots  occurred  on  9,  10,  13,  15,  and  27  March;  14, 

18  April;  and  14,  17  May  2001.  Sampling  consisted  of  recording  seedlings  by 
species  from  a  1-m^  quadrat  placed  in  the  center  of  the  2  x  2-m  plot.  Data  were 
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placed  in  an  Excel®  spreadsheet  and  were  graphed  and  inputted  into  Systat®  for 
statistical  analysis. 


Results 


Laboratory  Experiments 

Results  of  the  first  experiment  for  creosotebush  showed  the  best 
germination  was  from  running  water  for  140  hours  with  or  without  drying.  A 
problem  with  this  treatment  that  would  make  it  unsuitable  for  use  in  the  field  is 
that  many  of  the  seeds  had  root  radicles  that  had  already  emerged  during  the 
treatment  prior  to  placement  in  petri  dishes.  This  would  make  the  seeds  quite 
susceptible  to  damage  during  the  seeding  process.  The  treatments  show  that 
the  best  germination  for  white  bursage  was  rinsing  for  36  and  48  hours.  Drying 
of  the  seeds  after  48  hours  of  rinse  greatly  decreased  germination  of  white 
bursage;  however,  drying  after  a  36-hour  rinse  improved  germination.  With  both 
species  the  soak  (water  or  thiourea)  treatments  were  not  effective. 

Results  of  the  second  experiment  showed  that  for  creosotebush,  those 
seeds  that  were  rinsed  and  placed  in  darkness  germinated  better  than  those  that 
were  processed  in  a  12-hour  light/1 2-hour  dark  alternating  environment.  The 
seeds  in  the  30-hour  rinse  showed  a  slight  increase  in  germination  under 
continuous  darkness,  increasing  from  42.7  to  47.7%,  while  the  seeds  from  the 
40-hour  rinse  showed  an  even  greater  increase  under  continuous  darkness 
(46  to  62%).  The  pattern  for  white  bursage  was  slightly  different.  The  40-hour 
rinse  was  similar  to  creosote  with  an  increase  under  continuous  darkness.  The 
difference  was  in  the  30-hour  rinse  where  the  continuous  darkness  treatment 
was  less  than  the  alternating  light  and  dark  treatment  (43.3%,  51 .7%, 
respectively). 

Results  of  the  analysis  for  seed  source  showed  that  seeds  from  two 
different  sources  showed  a  positive  response  to  seed  pre-treatment.  The 
difference  in  germination  between  the  controls  for  the  two  seed  lots  most  likely 
reflects  simply  a  difference  in  initial  seed  viability.  For  white  bursage,  there  was 
a  10%  difference  in  germination  between  the  two  seed  lots  tested.  Despite  this 
initial  difference,  the  rinsing  treatments  still  increased  germination  over  the 
control.  From  14.0-18.7%.  For  seed  lot  1,  the  30-hour  rinse  increased 
germination  from  33%  in  the  control  to  51.7%.  The  40-hour  rinse  was  not  as 
effective  but  germination  still  increased  to  47.0%.  For  seed  lot  2,  the  30-hour 
rinse  increased  germination  from  43.3%  in  the  control  to  59.7%.  The  differences 
were  not  as  dramatic  for  creosotebush  with  the  control  seed  lots  being  very 
similar  (33.3  and  35.3%).  Again,  the  rinse  treatments  improved  germination  over 
the  controls  from  6.0-12.7%.  The  30-hour  rinse  for  seed  lot  1  increased 
germination  to  43.3%  while  the  same  treatment  increased  germination  in  seed  lot 
2  to  41 .3%.  The  40-hour  rinse  for  seed  lot  1  increased  seed  germination  even 
more  (46.0%). 

The  influence  of  drying  of  seeds  that  had  been  rinsed  showed  consistent 
results.  Regardless  of  the  rinse  treatment,  seed  source,  or  species  tested,  drying 
of  the  seed  for  12  hours  following  treatment  tended  to  reduce  germination  by 
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6.4  to  21%  for  white  bursage  and  2.6  to  10.0%  for  creosotebush.  Results  from 
experiment  1  showed  mixed  effects  of  drying,  but  these  tests  all  show  consistent 
declines  with  drying. 

The  final  parameter  tested  in  experiment  2  was  the  effect  of  chilling  the 
seeds  following  treatment.  If  one  could  hold  the  seed  in  a  refrigeration  unit 
following  treatment,  the  seeds  could  be  removed  when  conditions  were  right  and 
seed  the  area  of  interest  without  having  to  wait  for  the  seeds  to  be  treated. 
Likewise,  if  more  seed  was  treated  than  was  actually  needed,  the  residual  seed 
could  be  held  until  a  latter  date.  The  results  of  this  treatment  for  white  bursage 
showed  a  large  decline  in  germination  of  seeds  that  were  refrigerated  prior  to 
placement  in  petri  dishes  for  both  the  30-hour  rinse  (34%  decline)  and  the 
40-hour  rinse  with  a  12-hour  dry  period  (18%  decline).  This  same  pattern  of 
decline  held  for  creosotebush  for  the  30-  and  40-hour  rinse  treatments  (8  and 
20%,  respectively). 

The  results  of  the  third  experiment  for  temperature  effects  on  germination 
of  white  bursage  are  shown  in  Figure  2.  No  germination  occurred  at  the  8°C 
treatment.  Germination  of  white  bursage  was  delayed  generally  by  10-14  days  at 
the  13°C  treatment.  Total  germination  was  also  much  reduced.  However,  even 
with  these  changes,  the  basic  pattern  of  improved  germination  with  rinsing  of 
seeds  was  evident.  Unlike  the  previous  tests  in  petri  dishes,  drying  of  the  seed 
did  not  decrease  germination  but  actually  increased  it  slightly  although  not 
significantly.  ANOVA  for  the  data  from  the  22°C  white  bursage  tests  showed  that 
there  was  a  significant  difference  among  the  seed  treatments  (p=0.008)  but  no 
difference  among  the  moisture  treatments  (p=0.387).  Fisher's  Least  Significant 
Difference  (LSD)  showed  that  the  rinsed  treatments  (with  or  without  drying)  had 
significantly  greater  germination  that  the  control  or  soaked  treatments. 

For  creosotebush,  only  the  22°C  temperature  treatment  had  any 
germination  after  30  days  when  the  experiment  was  concluded.  ANOVA  results 
of  the  data  for  creosotebush  again  validated  the  increase  in  germination  with 
rinsing  of  the  seed  (Fig.  2).  Soaking  of  the  seed  for  96  hours  also  showed 
improved  germination.  The  main  effect,  seed  treatment,  was  significant  with  a 
p-value  of  0.018  while  the  moisture  treatment  was  not  significant  with  a  p-value 
of  0.806.  Fisher's  LSD  showed  that  only  the  48-hour  rinse  with  12-dry  was 
significantly  greater  than  the  control. 

March  Field  Trials 

Site  1.  The  first  emergence  of  seedlings  occurred  on  9  March,  ten  days 
after  seeding  and  occurred  primarily  in  the  plots  with  pre-treated  seed  and  gravel 
mulch.  All  of  the  seedlings  were  white  bursage.  Emergence  continued  rapidly 
and  peaked  29  days  following  the  initial  seeding.  Four  weeks  after  seeding  the 
pre-treated  seed  of  white  bursage  averaged  165.6  seedlings  m'^  (~79% 
germination)  while  control  plots  averaged  only  77.2  seedlings  m'^  (-37% 
germination).  Creosotebush  germination  was  poor  overall  with  the  pre-treated 
seed  averaging  23.5  seedlings  m’^  (-5%  germination)  and  the  control  seed 
treatments  averaging  18.1  seedlings  m'^  (-4%  germination)  (Fig.  3). 

Creosotebush  germination  improved  in  the  plastic  mulch  treatment  which 
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averaged  57.5  seedlings  m'^  (~12%  germination)  where  soil  temperatures  were 
1 0°  C  warmer  (Fig.  4).  Germination  of  white  bursage  also  increased  under  the 
warmer  conditions  facilitated  by  the  plastic  mulch  (Fig.  4).  Germination  on  all 
surface  treatments  peaked  with  the  27  March  sampling  with  the  plastic  mulch 
yielding  the  greatest  germination  followed  by  the  stabilizer  and  gravel  treatments. 

Site  2.  The  first  sampling  of  seedlings  occurred  on  13  March.  Similar  to 
Site  1 ,  the  first  species  to  germinate  was  white  bursage  and  it  occurred  primarily 
in  the  plots  with  pre-treated  seed  and  plastic  mulch.  Emergence  continued 
rapidly  and  peaked  24  days  following  the  initial  seeding.  The  advantage  of  the 
pre-treatment  of  seed  continued  to  be  evident  in  field  trials  for  white  bursage 
where  the  pre-treated  seed  averaged  91.5  seedlings  m'^  (-44%  germination) 
while  the  control  plots  averaged  only  54.7  seedlings  m'^  (-26%  germination), 
both  of  which  are  lower  than  comparable  treatments  at  Site  1 .  Creosotebush 
germination  was  poor  overall  with  the  pre-treated  seed  averaging  11.3  seedlings 
m'2  (-2%  germination)  and  the  control  seed  treatments  averaging  8.5  seedlings 
m  (<2%  germination)  (Fig.  3).  Creosotebush  germination  improved  in  the 
plastic  mulch  treatment  which  averaged  34.0  seedlings  m‘^  (-7%  germination) 
where  soil  temperatures  were  10°  C  warmer  (Fig.  4).  The  other  surface 
treatments  were  very  similar  with  the  exception  of  straw  treatment  which  was 
lower  than  the  rest. 

April  Field  Trials 

Site  1.  The  first  sampling  occurred  at  this  site  on  23  April  one  week 
following  seeding.  At  that  time  germination  of  white  bursage  had  occurred  on  all 
treatments  but  was  best  in  the  plastic  (pre-treated  and  control  seeds)  and 
stabilizer  treatments  with  pre-treated  seeds.  Creosotebush  was  germinated  in 
only  the  plastic  mulch  treatments  (better  with  pre-treated  seed  than  control  seed, 
40  seedlings  m'^  and  5.3  seedlings  m‘^,  respectively)  and  in  the  stabilizer 
treatment  with  pre-treated  seed  (12.7  seedlings  m‘^).  Germination  peaked  during 
the  27  April  sampling.  Pre-treated  seed  of  both  white  bursage  and  creosotebush 
outperformed  control  seed  (Fig.  5).  Pre-treated  seed  of  white  bursage  averaged 
106.5  seedlings  m'^  (-51%  germination)  while  the  control  plots  averaged  58.4 
seedlings  m"  (-28%  germination).  Germination  of  creosotebush  was  much 
better  during  the  April  trials  than  the  March  trials  and  averaged  65.7  seedlings  m' 
(-13%  germination)  for  the  pre-treated  plots  and  28.5  seedlings  m'^ 

(-6%  germination)  for  the  control  plots. 

Creosotebush  had  excellent  germination  on  the  plastic  mulch  treatment, 
particularly  with  pre-treated  seed  averaging  214  seedlings  m'^  (-44% 
germination)  while  the  control  seed  averaged  104.7  seedlings  m'^  (-21% 
germination)  (Fig.  6).  Even  with  this  later  seeding  date,  creosotebush 
germination  improved  with  the  greater  soil  temperatures  generated  under  the 
plastic  mulch.  This  was  also  true  for  white  bursage  where  germination  in  the  pre¬ 
treated  seed  plastic  mulch  plots  averaged  206  seedlings  m'^  (-99%  germination) 
while  the  control  seed  in  the  plastic  mulch  plots  averaged  152  seedlings  m'^ 
(-73%  germination).  Germination  was  also  excellent  in  the  stabilizer  and  gravel 
mulch  treatments  with  pre-treated  seed. 
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Site  2.  The  first  sampling  occurred  at  this  site  on  23  April  one  week 
following  seeding.  At  that  time  germination  of  white  bursage  had  occurred  on  all 
treatments  but  was  best  in  the  plastic  with  control  seeds  and  stabilizer  treatments 
with  pre-treated  seeds.  Creosotebush  had  germinated  in  essentially  only  the 
plastic  mulch  treatments  (better  with  pre-treated  seed  than  control  seed,  139.3 
seedlings  m’  and  53.3  seedlings  m'^,  respectively).  Germination  peaked  during 
the  26  April  sampling.  Pre-treated  seed  of  both  white  bursage  and  creosotebush 
outperformed  control  seed  (Fig.  5).  Pre-treated  seed  of  white  bursage  averaged 

88.9  seedlings  m-^  (-43%  germination)  while  the  control  plots  averaged 

55.7  seedlings  m'^  (-27%  germination).  Germination  of  creosotebush  was  much 
better  during  the  April  trials  compared  to  the  March  trials  and  averaged 

91.9  seedlings  m'^  (-19%  germination)  for  the  pre-treated  seed  plots  and 
29.2  seedlings  m’^  (-6%  germination)  for  the  control  plots  (Fig.  5). 

Creosotebush  had  excellent  germination  on  the  plastic  mulch  treatment, 
particularly  with  pre-treated  seed  averaging  216  seedlings  m'^  (-45% 
germination)  while  the  control  seed  averaged  112.7  seedlings  m'^  (-23% 
germination).  Even  with  this  later  seeding  date,  creosotebush  germination 
improved  with  the  greater  soil  temperatures  generated  under  the  plastic  mulch 
(Fig.  6).  This  was  not  true  for  white  bursage  where  germination  in  the  pre-treated 
seed  plastic  mulch  plots  was  greatly  reduced  averaging  51.3  seedlings  m'^ 

(-25%  germination)  while  the  control  seed  in  the  plastic  mulch  plots  averaged 

40.7  seedlings  m'^  (-20%  germination).  Germination  was  best  in  the  stabilizer 
treatment  with  pre-treated  seed  averaging  144  seedlings  m'^  (69%).  Germination 
of  white  bursage  was  much  lower  during  the  April  seeding  than  the  March 
seeding  at  this  site  unlike  creosotebush  which  performed  much  better  during  the 
April  trials. 


Discussion  and  Conclusions 

Under  laboratory  conditions,  Barbour  (1968)  found  optimal  germination 
conditions  for  creosotebush  to  be;  a  temperature  of  23°C,  leaching  with  running 
water,  total  darkness,  wetting  and  drying  cycles,  exposure  to  cold  temperatures 
prior  to  sowing,  and  a  near-zero  osmotic  pressure  low  in  sodium  chloride.  Kay  et 
al.  (1977b)  found  the  optimal  temperature  for  germination  to  range  from  15  to 
25°C.  Field  studies  validate  that  warmer  temperatures  tend  to  increase 
germination  of  creosotebush.  The  warmer  temperatures  during  the  April  trials 
(average  22°C)  increased  germination  of  creosotebush  from  3%  during  the 
March  trials  (average  15°C)  to  11%.  The  plastic  treatment  during  the  April 
seeding  had  highest  temperatures  (average  near  30°C)  and  germination 
increased  to  34.5%.  In  field  observations  at  Death  Valley,  Went  and 
Westergaard  (1949)  found  that  when  temperatures  were  greater  than  30°C  or 
less  than  10°C  no  germination  occurred.  Our  data  agree  with  those  observations 
regarding  the  colder  temperature  limit,  but  we  did  have  good  germination  at  the 
upper  temperature  limit  when  soil  moisture  and  humidity  remained  high. 

Kay  et  al.  (1977a)  suggest  that  an  inhibitor  in  the  hull  may  limit 
germination  and  removal  of  the  hull  or  rinsing  of  the  seed  increased  germination. 
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Graves  et  al.  (1975)  and  Miller  and  Holden  (1993)  found  that  rinsing  of  seeds 
(5-12  hours)  increased  germination.  While  rinsing  did  improve  germination,  our 
data  show  that  a  longer  time  period  (30-40  hours)  is  required  to  optimize 
germination. 

Our  data  also  support  Barbour’s  finding  (1968)  that  darkness  increased 
germination.  Barbour  reported  that  seeds  in  the  light  treatment  had  germination 
rates  of  47%  compared  to  that  of  the  dark  treatment.  Our  data  compared  light 
and  dark  treatment  only  in  combination  with  rinsing  treatments.  With  a  30-hour 
rinsing,  the  light  treatment  was  92%  of  the  dark  treatment  while  with  a  40-hour 
rinsing  the  light  treatment  fell  to  73%  of  the  dark  treatment.  Both  of  these 
conditions  show  less  of  an  impact  of  darkness  than  that  reported  by  Barbour 
(1968). 

Kay  et  al.  (1977a)  report  that  white  bursage  has  optimal  germination 
between  15  and  25°C  with  no  germination  at  2  or  5°C.  Our  laboratory  and  field 
data  support  that  temperature  range.  In  the  laboratory,  we  did  not  see  any 
germination  in  the  treatment,  with  average  temperatures  of  8°C  and  poor 
germination  at  13°C.  The  field  data  showed  little  differences  between  the  March 
trials  with  average  soil  temperature  of  15°C  and  the  April  trials  with  average 
temperatures  of  23°C.  The  April  trials  at  Site  1  under  plastic  mulch  treatment 
with  temperatures  near  30°C  showed  a  tremendous  decline  in  germination.  This 
was  not  seen  at  Site  2  where  germination  under  plastic  was  the  best  mulch 
treatment. 

Graves  et  al.  (1975)  found  that  germination  of  white  bursage  increased 
about  10%  with  activated  carbon  or  stratification  in  moist  sand  for  30  days. 
Activated  carbon  is  known  to  absorb  chemical  inhibitors.  Young  et  al.  (1986) 
also  found  that  a  moist  stratification  at  17°C  markedly  improved  germination.  We 
found  that  inhibitors  do  exist  on  the  seed  coat  and  that  rinsing  with  water  for 
30-40  hours  also  removed  this  inhibitor  and  improved  germination  31-57%  in  the 
laboratory  and  67-115%  in  the  field. 

The  field  trials  show  that  pre-treating  of  seed  of  creosotebush  and  white 
bursage  can  improve  germination.  It  not  only  decreases  the  time  required  for 
initial  germination  but  also  enhances  the  number  of  seeds  germinated  at  a  site  by 
almost  100%.  The  field  trials  demonstrate  that  mulches  can  be  used  effectively 
to  improve  germination  of  seed,  particularly  plastic  mulches  that  increase  soil 
temperature  and  humidity.  Combining  the  pre-treatment  of  seed  with  irrigation 
(during  the  germination  process)  and  mulch  appears  to  be  a  viable  technique  for 
establishing  creosotebush  and  white  bursage  in  the  Mojave  Desert. 
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Table  1.  Seeded  species  and  rates  used  for  field  trials 


Common  Name 

Scientific  Name 
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Mix 

Pure  Live 
Seed  m'^ 

Creosote  bush 

Larrea  tridentata 

48.6 

491 

White  bursage 

Ambrosia  dumosa 

20.7 

209 

Big  galleta 

Pleuraphis  rigida  Thurb. 

12.8 

129 

Anderson's  wolfberry 

Lycium  andersonii  Gray 

9.4 

96 

Goldenhills 

Encelia  farinosa  Gray  ex  Torr. 

8.5 

86 

TOTAL 

100.0 

1,011 
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ABSTRACT 


The  U.S.  Army  uses  the  Integrated  Training  Area  Management  program  for  managing  training  land.  One 
of  the  major  objectives  of  the  Integrated  Training  Area  Management  program  has  been  to  develop  a 
method  for  estimating  training  land  carrying  capacity  in  a  sustainable  manner.  The  Army  Training  and 
Testing  Area  Carrying  Capacity  methodology  measures  training  load  in  terms  of  Maneuver  Impact  Miles. 
One  Maneuver  Impact  Mile  is  the  equivalent  impact  of  an  Ml  A2  tank  traveling  one  mile  while 
participating  in  an  armor  battalion  field  training  exercise.  The  Army  Training  and  Testing  Area  Carrying 
Capacity  methodology  is  also  designed  to  predict  land  maintenance  costs  in  terms  of  dollars  per 
Maneuver  Impact  Mile.  The  overall  cost  factor  is  calculated  using  the  historical  cost  of  land  maintenance 
practices  and  the  effectiveness  of  controlling  erosion.  Because  land  maintenance  costs  and  effectiveness 
are  influenced  by  the  characteristics  of  the  land.  Army  Training  and  Testing  Area  Carrying  Capacity  cost 
factors  must  be  developed  for  each  ecological  region  of  the  country.  Costs  for  land  maintenance 
activities  are  presented  here  for  the  semiarid  and  arid  regions  of  the  United  States.  Five  ecoregions  are 
recognized,  and  average  values  for  reclamation  activities  are  presented.  Because  there  are  many 
variables  that  can  influence  costs,  ranges  for  reclamation  activities  are  also  presented.  Costs  are  broken 
down  into  six  major  categories:  seedbed  preparation,  fertilization,  seeding,  planting,  mulching,  and 
supplemental  erosion  control.  Costs  for  most  land  reclamation  practices  and  materials  varied  widely 
within  and  between  ecological  provinces.  Although  regional  cost  patterns  were  evident  for  some 
practices,  the  patterns  were  not  consistent  between  practices.  For  the  purpose  of  estimating  land 
reclamation  costs  for  the  Army  Training  and  Testing  Area  Carrying  Capacity  methodology,  it  may  be 
desirable  to  use  the  “Combined  Average”  of  all  provinces  found  in  the  last  row  of  each  table  to  estimate 
costs  for  arid  lands  in  general. 
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REGIONAL  COST  ESTIMATES  FOR  RECLAMATION 
PRACTICES  ON  ARID  AND  SEMIARID  LANDS 


1.0  INTRODUCTION 

The  U.S.  Army  uses  the  Integrated  Training  Area  Management  program  for  managing  training  land.  One 
of  the  major  objectives  of  the  Integrated  Training  Area  Management  program  has  been  to  develop  a 
method  for  estimating  training  land  carrying  capacity  and  then  to  incorporate  this  concept  into  training 
land  management  decisions.  Training  land  carrying  capacity  is  generally  defined  as  the  amount  of 
training  that  a  given  parcel  of  land  can  accommodate  in  a  sustainable  manner.  The  Army  Training  and 
Testing  Area  Carrying  Capacity  (ATTACC)  methodology  is  used  to  estimate  carrying  capacity  by 
relating  training  load,  land  condition,  and  land  maintenance  practices. 

The  ATTACC  methodology  measures  training  load  in  terms  of  Maneuver  Impact  Miles,  or  MlMs.  One 
MIM  is  the  equivalent  impact  of  an  Ml  A2  tank  traveling  one  mile  while  participating  in  an  armor 
battalion  field  training  exercise.  The  impacts  of  all  mission  activities  are  converted  to  MIMs  using  data 
from  the  ATTACC  Training  Model  (ATM)  in  combination  with  Training  Impact  Factors.  The  ATM 
includes  prescribed  tactical  vehicle  mileage  by  vehicle,  unit,  and  event  and  is  derived  from  the  Battalion 
Level  Training  Model  and  Programs  of  Instruction.  Training  Impact  Factors  are  multipliers  that  express 
the  relative  severity  of  impact  of  events  and  vehicles  and  are  derived  largely  using  subject  matter  experts 
and  tactical  vehicle  characteristics.  Using  MIMs  allows  the  impact  of  all  mission  activities  to  be 
aggregated  and  expressed  as  a  single  training  load.  MIM  values  for  a  given  mission  activity  remain 
constant  across  the  Army,  regardless  of  location. 

Land  condition  is  measured  by  the  ATTACC  methodology  in  terms  of  the  Erosion  Status,  which  is  the 
ratio  of  predicted  erosion  rates  to  tolerable  erosion  rates.  Erosion  Status  values  greater  than  1.0  indicate 
that  more  soil  is  being  lost  than  ean  be  replaced  naturally,  and  values  less  than  1 .0  indicate  that  there  is 
not  a  net  soil  loss.  Erosion  rates  are  estimated  using  the  Revised  Universal  Soil  Loss  Equation,  a 
scientifically  accepted  method  utilizing  percent  vegetative  cover,  climate,  soil  type,  topography,  and 
conservation  practices.  The  effects  of  training  load  and  land  maintenance  practices  on  erosion  rates  are 
captured  in  the  Revised  Universal  Soil  Loss  Equation  by  adjusting  values  of  the  pereent  vegetative  cover, 
slope  length  and  steepness,  and  conservation  practice  factor  accordingly. 

The  ATTACC  methodology  is  designed  to  predict  land  maintenance  costs  in  terms  of  dollars  per  MIM. 
The  overall  cost  factor  is  calculated  using  the  historical  cost  of  land  maintenance  practices  and  the 
effectiveness  of  the  various  practices  in  influencing  elements  of  the  Revised  Universal  Soil  Loss  Equation 
calculation.  Because  land  maintenance  costs  and  effectiveness  are  influenced  by  the  characteristics  of  the 
land,  ATTACC  cost  factors  must  be  developed  for  each  ecological  region  of  the  country. 

The  U.S.  Department  of  Defense  (DoD)  Strategic  Environmental  Research  and  Development  Program 
has  funded  a  research  project  entitled  “Diagnostic  Tools  and  Reclamation  Technologies  for  Mitigating 
Impacts  of  DoD/DOE  Activities  in  Arid  Areas.”  As  part  of  that  project,  an  effort  was  made  to  quantify 
the  costs  of  various  land  reclamation  practices  in  the  arid  regions  of  the  continental  United  States.  This 
report  summarizes  those  findings. 
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Dry  lakebeds  are  numerous,  and  there  are  extensive  eolian  deposits,  including  both  dune  sand  and  loess. 
Aridisols  dominate  all  basin  and  lowland  areas  of  the  plateaus;  Mollisols  are  found  at  higher  elevations. 
Soils  in  the  Wyoming  Basin  are  alkaline  Aridisols,  often  containing  a  layer  enriched  with  lime  and/or 
gypsum,  which  may  develop  into  a  caliche  hardpan. 

The  Intermountain  Desert  Provinee  covers  the  physiographic  region  called  the  Great  Basin  and  the 
northern  Colorado  Plateau  in  Utah.  Summers  in  this  province  are  hot,  and  winters  are  only  moderately 
cold.  Annual  precipitation  averages  only  130-490  mm  (5—20  in.),  often  falling  as  winter  snow.  Almost 
no  rain  falls  during  the  summer  months  except  in  the  mountains.  Average  annual  temperature  ranges 
from  4-13°C  (40-55°F).  Much  of  this  province  is  made  up  of  basins  with  interior  drainage;  only  a  small 
part  of  the  province  drains  to  the  sea.  The  lower  parts  of  many  basins  have  heavy  accumulations  of 
alkaline  and  saline  salts.  Streams  are  rare  and  few  are  permanent.  Sagebrush  dominates  at  lower 
elevations.  Above  the  sagebrush  belt  lays  a  woodland  zone  dominated  by  pinyon  pine  and  juniper. 
Aridisols  dominate  all  basin  and  lowland  areas.  Salt  flats  and  playas  without  soils  are  extensive  in  the 
lower  parts  of  basins  with  interior  drainage. 

The  American  Desert  Province  includes  the  Mojave  and  Sonoran  Deserts.  Its  topography  is 
characterized  hy  extensive  plains,  most  gently  undulating,  from  which  isolated  low  mountains  and  buttes 
rise  abruptly.  Elevations  range  from  85  m  (280  ft)  below  sea  level  to  1,200  m  (4,000  ft)  in  valleys  and 
basins,  with  some  mountain  ranges  reaching  as  high  as  3,400  m  (1 1,000  ft).  Summers  are  long  and  hot. 
The  average  annual  temperature  is  15-24°C  (60-75°F).  Though  winters  are  moderate,  the  entire 
province  is  subject  to  occasional  frosts.  Winter  rains  are  widespread  and  usually  gentle,  but  in  summer 
they  are  usually  thunderstorms.  In  the  Mojave  Desert  of  southeastern  California,  there  are  virtually  no 
summer  rains.  Average  annual  precipitation  is  50-250  mm  (2-10  in.)  in  the  valleys  but  may  reach 
610  mm  (25  in)  on  mountain  slopes.  Vegetation  is  usually  very  sparse  with  bare  ground  between 
individual  plants.  Cacti  and  thorny  shrubs  are  conspicuous,  but  many  thornless  shrubs  and  herbs  are  also 
present.  The  most  widely  distributed  plant  is  the  creosote  bush,  which  covers  extensive  areas  in  nearly 
pure  stands.  Cholla,  mesquite,  paloverde,  ocotillo,  saguaro,  and  bitterbrush  are  common  in  the  Sonoran 
Desert;  various  saltbush  species  are  common  in  the  Mojave  Desert.  The  Joshua  tree  is  prominent  along 
the  northern  edge  of  the  province.  Juniper  and  pinyon  pine  also  occur  in  the  north.  Interior  basins 
characterized  by  ephemeral  shallow  playa  lakes  are  a  conspicuous  feature  of  the  Mojave  Desert.  Entisols 
occur  on  the  older  alluvial  fans  and  terraces  and  in  the  better-drained  basins.  Aridisols  dominate 
throughout  the  rest  of  the  province. 

The  Colorado  Plateau  Semidesert  Province  is  characterized  by  deeply  dissected  plateaus  in  northern 
Arizona  and  New  Mexico  and  in  southeastern  Utah.  Elevations  of  the  plateaus  range  from  1,500- 
2,100  m  (5,000-7,000  ft),  with  local  relief  ranging  from  150  to  more  than  900  m  (500^3,000  ft)  in  some 
of  the  deeper  canyons.  Due  to  the  region's  generally  high  altitude,  the  climate  is  characterized  by  cold 
winters.  Summer  days  are  usually  hot,  but  nights  are  cool.  Annual  average  temperatures  are  4-1 3°C 
(40-55°F).  Average  annual  precipitation  is  about  510  mm  (20  in.)  although  some  parts  of  the  province 
receive  less  than  260  mm  (10  in.).  Summer  rains  are  thunderstorms  with  ordinary  rains  arriving  in 
winter.  Thus,  this  province  differs  from  the  Intermountain  Semidesert  Province,  which  generally  lacks 
summer  rains.  Vegetation  zones  are  conspicuous  hut  lack  uniformity.  In  the  lowest  zone,  there  are  arid 
grasslands,  but  the  shortgrass  sod  seldom  covers  the  ground  completely  leaving  many  bare  areas.  Xeric 
shrubs  often  grow  in  open  stands  among  the  grasses,  and  sagebrush  is  dominant  over  extensive  areas.  A 
profusion  of  annuals  and  perennials  blooms  during  the  summer  rainy  season.  At  low  elevations  in  the 
south,  several  kinds  of  cacti  and  yucca  are  common.  The  woodland  zone  is  the  most  extensive, 
dominated  by  open  stands  of  two-needle  pinyon  pine  and  several  species  of  juniper,  often  termed  a 
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pygmy  forest.  The  montane  zone  extends  over  considerable  areas  on  the  high  plateaus  and  mountains, 
but  it  is  much  smaller  in  area  than  the  pinyon-juniper  zone.  Entisols  occur  along  the  floodplains  of  major 
streams.  Aridisols  cover  plateau  tops,  older  terraces,  and  alluvial  fans. 

The  Chihuahuan  Desert  Province  is  mostly  desert.  The  area  has  undulating  plains  with  elevations  near 
1,200  m  (4,000  ft),  where  somewhat  isolated  mountains  rise  600-1,500  m  (2,000-5,000  ft).  Extensive 
dunes  of  silica  sand  cover  parts  of  the  province.  In  scattered  areas,  small  beds  and  isolated  buttes  of 
blackish  lava  occur.  Summers  are  long  and  hot.  Winters  are  short  but  may  include  brief  periods  when 
temperatures  fail  below  freezing.  Average  annual  temperatures  range  from  10-18°C  (50-65°F).  The 
climate  is  distinctly  arid;  spring  and  early  summer  are  extremely  dry.  Localized  summer  rains  may  be 
torrential.  Average  annual  precipitation  is  in  the  range  of  200-260  mm  (8-10  in.).  The  northern  part  of 
the  province  also  receives  winter  rains,  which  are  more  gentle  and  widespread.  A  number  of  shrubs, 
most  of  them  thorny,  are  typical  of  the  Chihuahuan  Desert.  They  frequently  grow  in  open  stands  but 
sometimes  form  low,  closed  thickets.  Extensive  arid  grasslands  cover  most  of  the  high  plains  of  the 
province.  On  deep  soils,  honey  mesquite  is  often  the  dominant  plant.  Yucca  and  cacti  are  also  abundant. 
Open  stands  of  creosote  bush  cover  large  areas  especially  on  gravel  fans.  In  the  western  and  northern 
portions  of  this  province,  the  soils  are  primarily  Aridisols.  Both  Aridisols  and  Entisols  are  present  in  the 
south. 

2.2  Cost  Estimating 

Within  each  of  the  defined  ecological  provinces,  various  federal  and  state  agencies  and  private  companies 
were  contacted  by  E-mail  and  telephone  to  obtain  the  required  information.  Agencies  included  state 
departments  of  transportation  and  state  offices  of  the  Natural  Resources  Conservation  Service  and  the 
Bureau  of  Land  Management.  Some  agencies  provided  published  documentation;  most  populated  a 
simple  spreadsheet.  Most  agencies  provided  recent  data;  others  provided  historical  databases.  Only 
information  since  1990  was  considered  relevant.  For  databases  prior  to  2000,  an  inflation  rate  of  3 
percent  per  annum  was  assumed  and  costs  were  adjusted  accordingly. 

It  was  hoped  that  labor,  equipment,  and  material  costs  could  be  obtained  and  reported  separately. 
However,  few  institutions  record  data  in  that  fashion.  More  often  the  values  represent  installed  costs, 
which  include  labor,  equipment,  and  materials.  Hence,  in  many  cases  it  was  impractical  to  report  labor, 
equipment,  and  material  costs  separately. 

Costs  were  generally  reported  for  average-sized  jobs  done  by  experienced  contractors,  operators,  and 
vendors.  Most  jobs  have  built-in  mobilization  costs  that  do  not  vary  regardless  of  job  size.  Hence,  costs 
per  hectare  are  often  less  for  large  jobs  and  considerably  higher  for  small  jobs. 

The  cost  of  land  reclamation  can  vary  widely  based  on  site  conditions.  Difficult  site  conditions  (e.g.,  wet 
soils,  steep  slopes,  rocky  terrain,  remote  locations,  etc.)  can  greatly  increase  the  cost  of  most  activities. 
Hence,  costs  are  reported  here  as  ranges  as  well  as  averages.  Costs  will  be  on  the  higher  end  of  the 
spectrum  for  sites  with  difficult  conditions  and  on  the  lower  end  for  ideal  conditions. 

Military  installations  represent  unique  logistical  opportunities  that  may  serve  to  reduce  or  increase 
reclamation  costs  depending  on  local  circumstances.  Material  costs  can  be  reduced  if  on-site  materials 
are  available  (e.g.,  riprap).  Labor  and  equipment  costs  may  be  reduced  by  using  military  engineering 
personnel  and  machinery  when  available.  On  the  other  hand,  costs  may  be  increased  if  heavy  training 
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schedules  limit  access  to  the  areas  to  be  reclaimed.  Travel  costs  to  the  remote  locations  of  many  military 
installations  may  increase  overall  reclamation  expenditures. 


3.0  RESULTS 

3.1  Seedbed  Preparation 

Some  form  of  mechanical  seedbed  preparation  is  often  needed  prior  to  reseeding.  This  can  be 
particularly  true  on  Army  training  areas  where  repeated  passage  of  armored  vehicles  has  caused 
significant  soil  compaction.  Ripping,  subsoiling,  or  chiseling  (here  referred  to  collectively  as  ripping)  are 
deep-tillage  operations  specifically  designed  to  break  or  shatter  compacted  soil  layers  that  can  inhibit 
germination,  root  development,  and  moisture  infiltration.  Chiseling  is  generally  less  expensive  than 
ripping  or  subsoiling  due  to  shallower  depths  of  implement  operation  and  reduced  power  requirements. 
Disking  can  be  used  to  ameliorate  shallow  compaction  and  vesicular  horizons  and  to  remove  unwanted 
vegetation.  Disking  may  be  accomplished  with  an  offset  disk  or  a  tandem  disk.  Offset  disking  is 
generally  more  expensive  than  tandem  disking  but  does  a  better  job  of  killing  and  mulching  existing 
vegetation  with  a  single  pass  of  the  implement.  Harrowing  is  a  much  less  intensive  seedbed  preparation 
method  used  to  break  up  superficial  compaction  or  physical  crusts.  It  can  also  be  used  to  smooth  the  soil 
surface  following  ripping  or  disking  and  is  often  used  following  broadcast  seeding  in  order  to  help  cover 
the  seeds  and  ensure  seed-soil  contact  necessary  for  germination.  The  regional  costs  for  the  various 
seedbed  preparation  practices  are  listed  in  Table  1. 


Table  1.  Regional  average  cost  ($/hectare)  for  seedbed  preparation  activities. 


Province 

Estimate 

Seedbed  Preparation 

Type 

Ripping 

Disking 

Harrowing 

Intermountain  Semidesert 

Average 

54 

42 

37 

Range 

15-183 

15-136 

17-92 

Intermountain  Desert 

Average 

67 

49 

44 

Range 

15-161 

15-124 

12-111 

American  Desert 

Average 

213 

106 

126 

Range 

15-741 

15-383 

15-366 

Colorado  Plateau  Semidesert 

Average 

35 

25 

17 

Range 

15-72 

12-59 

10-25 

Chihuahuan  Desert 

Average 

42 

37 

- 

Range 

15-72 

15-59 

- 

Combined  Average 

124 

64 

57 

Costs  for  all  seedbed  preparation  treatments  ranged  widely  within  geographic  regions  (Table  1).  Overall, 
it  appears  that  costs  in  the  American  Desert  province  were  highest.  This  province  includes  both  the 
Sonoran  and  Mojave  Deserts.  The  higher  costs  in  this  province  are  largely  due  to  those  reported  for  two 
military  sites  in  the  Mojave  Desert.  Costs  for  all  three  seedbed  practices  reported  by  the  Natural 
Resources  Conservation  Service  for  a  revegetation  study  conducted  for  the  U.S.  Navy  on  abandoned 
farmland  in  the  Lahontan  Valley,  Nevada,  were  high.  Ripping  costs  were  4—10  times  higher  at  Fort 
Irwin,  California,  than  for  any  location  other  than  Lahontan  Valley.  Treatments  at  Lahontan  Valley  and 
Fort  Irwin  were  experimental  in  nature.  Because  mobilization  costs  remain  relatively  constant  regardless 
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of  the  size  of  the  treated  acreage,  the  higher-per-acre  costs  are  likely  attributable  to  the  small  size  of  the 
treated  areas  and  the  remoteness  of  the  locations.  If  these  sites  were  eliminated  from  the  data  set,  the 
average-per-acre  costs  are  in  line  with  the  other  desert  ecosystem  provinces.  After  the  American  Desert 
province,  costs  for  all  site  preparation  activities  were  highest  in  the  Intermountain  Desert,  followed 
sequentially  by  the  Intermountain  Semidesert,  Chihuahuan  Desert,  and  Colorado  Plateau  Semidesert.  No 
agency  in  the  Chihuahuan  Desert  could  provide  cost  estimates  for  harrowing. 

3.2  Fertilization 

Fertilization  is  not  a  common  practice  on  rangelands  in  the  arid  West.  Indeed,  except  where  frequent 
and/or  intense  disturbance  has  resulted  in  the  loss  of  organic  matter  and  fine  soil  particles,  fertilization 
can  be  counterproductive  in  desert  ecosystems.  Native  perennial  plants  in  deserts  generally  have  low- 
nutrient  requirements,  while  introduced  annual  plants  generally  have  higher  requirements.  Hence,  the 
addition  of  fertilizer  may  favor  exotic  weeds  at  the  expense  of  native  plants. 

The  number  of  responses  from  the  various  agencies  was  quite  low  for  all  provinces.  Because  fertilization 
is  so  rarely  used,  no  agency  in  the  Colorado  Plateau  Semidesert  province  was  able  to  provide  information 
on  material  costs,  although  they  were  able  to  estimate  labor  and  equipment  costs.  Labor  and  equipment 
costs  were  generally  low  in  all  desert  ecosystem  provinces  but  somewhat  higher  in  the  Intermountain  and 
American  Desert  provinces  (Table  2).  Overall,  material  costs  were  higher  and  more  variable  than  labor 
and  equipment  costs.  Variability  in  material  costs  is  based  on  the  type  and  amount  of  fertilizer  required. 
These  factors  are,  in  turn,  determined  by  existing  nutrient  status,  soil  type,  organic  matter  content,  clay 
mineralogy,  salinity,  alkalinity,  site  history,  etc.  Overall,  it  appears  the  cost  of  fertilization  is  highest  in 
the  Chihuahuan  Desert  followed  by  the  American  and  Intermountain  deserts.  Costs  were  lowest  in  the 
Intermountain  Semidesert  province. 

The  costs  included  in  Table  2  are  for  broadcast  fertilization  only,  as  this  is  the  most  common  method  of 
application  for  reseeding  projects.  When  planting  tublings  or  containerized  plants,  fertilizer  pellets  are 
occasionally  used.  Only  one  agency  reported  information  on  fertilizer  pellets.  They  estimated  the  cost 
for  using  fertilizer  pellets  to  be  $1  per  plant  for  materials  and  $0.50-2  per  plant  for  labor.  These  costs 
should  not  change  significantly  based  on  region. 


Table  2.  Regional  average  cost  ($/hectare)  for  broadcast  fertilization. 


Province 

Estimate 

Broadcast  Fertiiization 

Type 

Labor  and  Equipment 

Materials 

Intermountain  Semidesert 

Average 

10 

106 

Range 

5-22 

49-185 

Intermountain  Desert 

Average 

35 

217 

Range 

10-111 

62-371 

American  Desert 

Average 

30 

217 

Range 

17-111 

62-371 

Colorado  Plateau  Semidesert 

Average 

12 

- 

Range 

7-22 

- 

Chihuahuan  Desert 

Average 

17 

304 

Range 

10-22 

124-482 

Combined  Average 

35 

151 
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3.3  Seeding 


On  large  tracts  of  nonagronomic  land,  broadcast  or  drill  seeding  most  often  accomplishes  reestablishment 
of  vegetative  ground  cover.  Broadcast  seeding  is  a  process  of  spreading  seed  onto  the  soil  surface.  Prior 
seedbed  preparation  is  not  always  required  or  even  desirable.  Broadcasting  is  often  the  least  expensive 
seeding  alternative  in  terms  of  labor  costs.  This  is  due  primarily  to  the  fact  that  more  ground  surface  can 
be  seeded  with  a  single  pass  of  the  seeding  equipment  than  with  drill  seeding.  However,  because  the  seed 
is  left  on  the  soil  surface,  seed-soil  contact  may  not  be  adequate  for  good  germination  success.  Hence,  it 
may  be  necessary  to  seed  at  a  higher  rate  or  to  drag  a  second  implement  over  the  site  following  seeding  to 
help  cover  the  seed  with  a  thin  layer  of  soil.  Drill  seeding  is  a  process  of  placing  seeds  directly  in  the 
ground.  Depending  on  the  condition  of  the  soil  surface  and  the  nature  of  the  seed  drill,  some  form  of 
seedbed  preparation  may  be  necessary.  Seed  distribution  is  generally  improved  by  drilling.  Many  seed 
drills  can  be  adapted  to  place  seeds  at  variable  depths  depending  on  their  germination  requirements.  Seed 
drills  are  also  often  equipped  with  press  wheels  or  dragged  chains  to  help  cover  the  seeds  with  soil  and 
improve  seed-soil  contact.  Where  rough  or  steep  terrain  limits  the  access  of  drilling  implements, 
broadcasting  or  hydroseeding  may  be  required.  Hydroseeding  is  a  process  of  spraying  seed  on  the  soil  in 
a  liquid  slurry.  It  is  much  more  expensive  than  drill  seeding  or  broadcasting  due  to  the  cost  of  equipment 
and  the  cost  of  transporting  large  quantities  of  water. 

Across  all  ecological  provinces,  broadcast  seeding  had  the  lowest  labor  and  equipment  costs  (Table  3). 
The  average  cost  of  drill  seeding  was  almost  double  the  cost  of  broadcasting.  However,  these  estimates 
do  not  include  the  potential  cost  of  using  an  additional  implement  to  cover  the  seed  in  the  case  of 
broadcast  seeding  or  the  possible  added  cost  of  seedbed  preparation  in  the  case  of  drill  seeding.  The 
highest  average  costs  for  broadcast  and  drill  seeding  were  reported  from  the  American  Desert  Province. 
As  in  the  case  of  seedbed  preparation  practices,  the  higher-per-acre  costs  here  were  attributable  to  the 
mobilization  costs  for  treating  small  acreages  and  the  remoteness  of  the  sites  treated.  Average  per-acre 
hydroseeding  costs  were  uniformly  high  and  exceeded  broadcasting  and  drilling  by  an  order  of 
magnitude.  There  are  fewer  contractors  equipped  to  do  hydroseeding,  and  many  hydroseeding 
contractors  travel  throughout  the  West. 


Table  3.  Regional  average  cost  ($/hectare)  for  seeding  practices. 


Province 

Estimate 

Type 

Labor  and  Equipment 
Cost 

Seed  Cost 

Hydroseeding 
(includes  labor,  equipment, 
seed,  fertilizer,  mulch,  and 
tackifier) 

Broadcast 

Drill 

Intermountain 

Average 

20 

32 

200 

5,444 

Semidesert 

Range 

7-37 

10-138 

47-618 

3,529-14,085 

Intermountain 

Average 

35 

59 

531 

5,103 

Desert 

Range 

10-99 

15-161 

148-988 

3,529-14,085 

American  Desert 

Average 

111 

138 

425 

5,103 

Range 

49-148 

25-297 

148-988 

3,529-11,752 

Colorado  Plateau 

Average 

15 

35 

628 

5,182 

Semidesert 

Range 

12-138 

148-1142 

3,529-14,085 

Chihuahuan  Desert 

Average 

17 

40 

524 

4072 

Range 

10-20 

15-138 

148-618 

1,853-14,085 

Combined  Average 

36 

49 

353 

5,320 
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The  rate  of  seeding,  and  hence  the  cost  of  seed,  was  assumed  to  be  constant  regardless  of  the  equipment 
used.  Executive  Order  13112  issued  February  3,  1999,  requires  federal  agencies  to  prevent  the 
introduction  of  invasive  species  and  work  toward  the  restoration  of  native  species.  Hence,  seed  costs 
were  estimated  based  on  using  only  mixtures  of  native  species  despite  the  fact  that  such  a  strategy  may 
increase  the  cost  of  reseeding  hy  as  much  as  an  order  of  magnitude  in  some  cases.  Seed  costs  were 
lowest  in  the  Intermountain  Semidesert  province.  This  was  apparently  due  to  the  fact  that  agencies  in  that 
province  tend  to  use  mixtures  of  grasses  and  shrubs,  while  agencies  in  other  provinces  tend  to  add  more 
wildflowers  to  their  seed  mixtures.  Grass  seed  is  generally  less  expensive  overall,  and  shrubs  are 
generally  seeded  at  low  rates.  Seed  costs  tended  to  be  marginally  highest  in  the  Colorado  Plateau 
Semidesert,  although  the  reason  for  the  trend  was  not  apparent.  Seed  costs  can  vary  widely  within  and 
between  years  based  on  supply  and  demand;  low  supplies  and/or  high  demand  can  greatly  increase  the 
cost  of  seed. 

3.4  Planting 

Where  land  rehabilitation  prescriptions  call  for  trees  and  shrubs,  it  is  often  more  cost  effective  to  utilize 
live  plants  rather  than  seeds.  This  is  due  to  the  higher  cost  and  lower  availability  of  tree  and  shrub  seeds, 
as  well  as  generally  low-germination  and  -seedling  survival  rates.  The  choice  of  woody  plants  for  desert 
regions  is  limited.  When  available,  they  are  most  often  supplied  as  tublings  or  containerized  plants.  Bare 
rootstock  is  used  by  some  agencies  but  is  comparatively  rare  in  dry  regions  due  to  the  higher  risk  of 
desiccation  of  the  tender  roots  during  and  after  the  planting  process.  Relatively  few  agencies  per  region 
were  able  to  provide  cost  estimates  for  the  use  of  live  plants.  Estimates  were  limited  to  commonly 
available  native  species  (estimates  for  unusual  species  can  run  as  high  as  $200  per  plant).  Costs  are 
reported  in  Table  4. 

The  cost  of  tublings  was  markedly  less  than  containerized  plants  in  all  ecological  provinces.  Planting 
tubes  are  smaller  and  cost  less  than  most  other  containers.  Because  of  their  small  size,  space 
requirements  for  growing  and  transporting  are  minimized.  For  containerized  plants,  the  reported  costs 
reflect  3.8  /  (1  gal.)  containers.  The  use  of  larger  container  sizes  tends  to  increase  expenses  dramatically 
due  to  the  higher  cost  of  transportation  and  the  fact  that  the  plants  in  larger  containers  tend  to  be  older 


Table  4.  Regional  average  cost  ($/plant)  for  live  plants. 


Tublings 

Containerized  Plants  (3.8  1) 

Province 

Estimate 

Type 

Labor 

Material 

Labor 

and 

Material 

Labor 

Material 

Labor  and 
Material 

Intermountain 

Average 

2 

1 

3 

9 

15 

11 

Semidesert 

Range 

1-3 

- 

2-4 

6-14 

3-30 

3-36 

Intermountain 

Average 

2 

2 

11 

10 

14 

17 

Desert 

Range 

1-3 

1-3 

4-24 

7-25 

5-29 

6-36 

American  Desert 

Average 

2 

2 

4 

10 

8 

Range 

1-3 

1-3 

2-6 

2-18 

2-11 

2-36 

Colorado  Plateau 

Average 

2 

2 

4 

11 

18 

18 

Semidesert 

Range 

1-3 

1-3 

2-6 

7-14 

14-21 

7-36 

Chihuahuan  Desert 

Average 

- 

- 

- 

9 

15 

13 

Range 

- 

- 

- 

6-14 

2-2 

3-36 

Combined  Average 

2 

2 

9 

11 

12 

13 
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and  have  required  more  effort  to  grow.  Labor  costs  are  estimated  for  hand  planting  in  normal  soils; 
where  soils  are  hard  or  rocky,  labor  costs  can  be  expected  to  increase.  Some  agencies  procure  labor  and 
materials  through  separate  contracts.  This  has  a  tendency  to  increase  the  overall  cost  when  compared  to 
contracts  that  procure  labor  and  materials  jointly  (Table  4).  This  is  especially  true  for  large  contractors 
who  grow  their  own  plants  or  who  can  take  advantage  of  volume  discounts  by  securing  plant  materials 
for  multiple  contracts  simultaneously. 

In  some  areas  it  is  desirable  to  use  translucent  tubes  to  protect  young  seedlings  from  sunscald  and 
herbivores  while  providing  a  greenhouse-like  microenvironment.  Such  tubes  for  containerized  plants  or 
tublings  cost  an  average  of  $2  (range  $1-3)  each  when  purchased  in  bulk,  regardless  of  region. 

Installation  of  the  tubes  costs  an  average  of  $2  per  plant  (range  $1-2).  Although  inoculation  of  woody 
plant  roots  with  mycorrhizal  fungi  can  significantly  enhance  survival  and  growth  of  many  woody  species, 
it  is  not  widely  used.  Only  one  agency  reported  costs  of  inoculation.  These  averaged  less  than  $1  per 
plant  including  labor  and  materials.  Supplemental  watering  of  young  seedlings  can  also  enhance 
survival.  The  practice,  however,  is  not  common.  Two  agencies  reported  the  cost  of  supplemental 
watering  at  $16  and  $28  per  plant.  This  can  be  twice  the  cost  of  the  plants  themselves  (Table  4),  and 
likely  accounts  for  the  fact  that  the  practice  is  uncommon. 

3.5  Mulching 

Germination  and  survival  of  plants  in  reseeded  areas  can  be  enhanced  by  the  addition  of  mulch.  Mulch 
helps  conserve  soil  moisture  and  adds  organic  matter  to  the  soil.  Commonly  used  materials  include 
straw,  hay,  and  commercial  fiber  mulch.  Straw  and  hay  can  be  spread  by  hand  or  blown  on  the  soil  with 
special  equipment  designed  for  that  purpose.  The  labor  cost  for  applying  mulch  is  the  same  for  straw  and 
hay,  although  the  material  cost  can  vary  widely  both  within  and  between  regions  (Table  5).  Hay  is  often 
more  expensive  than  straw  because  of  its  alternative  value  as  winter  feed  for  livestock.  Straw  and  hay  are 
both  susceptible  to  blowing.  Hence,  crimping  or  tackifying  may  be  necessary  to  hold  it  in  place.  Most 
contracts  that  call  for  mulching  do  not  separate  the  costs  of  materials  and  labor.  Hence,  Table  5  too 
reflects  average  regional  costs  for  the  entire  process.  The  cost  of  mulching  was  highest  in  the  American 
Desert  province  followed  closely  by  the  Chihuahuan  Desert  and  Colorado  Plateau  Semidesert  provinces. 


Table  5.  Regional  average  cost  ($/hectare)  mulching  with  straw  or  hay. 


Province 

Estimate  Type 

Material,  Spreading,  and  Crimping 

Intermountain  Semidesert 

Average 

610 

Range 

237-1,001 

Intermountain  Desert 

Average 

2,734 

Range 

321-1,129 

American  Desert 

Average 

2,320 

Range 

- 

Colorado  Plateau  Semidesert 

Average 

2,246 

Range 

793-4,942 

Chihuahuan  Desert 

Average 

1,638 

Range 

793-4,942 

Combined  Average 

1,366 
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Mulching  was  far  less  expensive  in  the  Intermountain  Desert  and  Semidesert  provinces,  possibly  due  to 
the  proximity  of  numerous  farms  and  ranches  at  higher  elevations  within  those  regions  where  cooler 
temperatures  and  irrigation  systems  provide  a  setting  more  conducive  to  hay  and  straw  production.  Fiber 
mulch  is  generally  used  only  in  conjunction  with  hydromulching  or  hydroseeding.  The  combined  cost  of 
labor  and  materials  for  hydromulching  is  much  higher  than  mulching  with  straw  or  hay.  As  labor  and 
equipment  expenses  remain  relatively  eonstant  for  hydraulie  applieations  regardless  of  the  materials  used, 
estimated  costs  of  hydromulching  alone  can  be  approximated  from  Table  3  by  subtracting  the  costs  of 
seed  and  fertilizer  from  the  cost  of  hydroseeding. 

3.6  Supplemental  Erosion  Control 

At  some  locations,  revegetation  alone  may  not  be  adequate  to  control  soil  erosion.  Some  form  of 
supplemental  erosion  control  may  be  necessary.  Common  erosion  control  practices  include  diversion 
trenches  and  riprap.  Diversion  trenches  may  be  used  to  divert  water  away  from  areas  of  concentrated 
flow  thus  reducing  the  erosive  energy  of  flowing  water.  Diversion  trenches  may  also  be  used  to  divert 
water  into  areas  where  revegetation  efforts  are  taking  place  in  order  to  supplement  the  supply  of  water  to 
the  new  plants.  For  the  purposes  of  this  report,  diversion  trenches  are  defined  as  shallow,  linear 
excavations  produced  by  a  single  pass  of  heavy  equipment  such  as  a  road  grader,  although  an 
experienced  driver  of  a  bulldozer  or  front-end  loader  can  often  accomplish  a  similar  result.  Average 
regional  costs  for  the  construction  of  diversion  trenches  are  listed  in  Table  6.  Costs  are  generally  low  and 
do  not  vary  widely  by  region.  There  is  generally  as  much  or  more  variation  within  provinces  than 
between  them.  Variability  in  cost  per  linear  meter  ($/lm)  is  attributable  to  mileage  to  and  from  the 
construction  sites  and  to  the  size  of  the  job.  Riprap  is  commonly  placed  in  gullies  or  waterways  to  slow 
the  flow  of  water  and  minimize  its  erosive  energy.  Riprap  is  available  in  many  different  sizes  depending 
on  the  expected  flow  of  water.  The  size  of  the  rock  can  greatly  affect  the  cost.  Most  agencies  do  not 
record  the  costs  of  materials  and  labor  separately.  Hence,  the  values  recorded  in  Table  6  include  both 
labor  and  material.  The  cost  of  riprap  varies  widely  both  within  and  between  provinces.  On  average, 


Table  6.  Regional  average  costs  for  supplemental  erosion  control  practices. 


Province 

Estimate 

Type 

Diversion  Trenches 
($/lm) 

Riprap 

installed  (S/m^) 

Intermountain  Semidesert 

Average 

3 

27 

Range 

3-6 

13-50 

Intermountain  Desert 

Average 

6 

40 

Range 

3-6 

20-69 

American  Desert 

Average 

6 

48 

Range 

3-12 

26-87 

Colorado  Plateau  Semidesert 

Average 

6 

41 

Range 

3-6 

28-86 

Chihuahuan  Desert 

i 

Average 

6 

90 

Range 

3-6 

28-348 

Combined  Average 

6 

53 
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costs  per  cubic  meter  (S/m^)  of  material  were  much  higher  in  the  Chihuahuan  Desert  than  in  the  other 
provinces.  The  higher  costs  there  may  be  attributable  to  the  long  distances  between  sources  of  riprap  and 
construction  locations. 

4.0  CONCLUSIONS 

Costs  for  most  land  reclamation  practices  and  materials  covered  by  this  report  varied  widely  within  and 
between  ecological  provinces.  Although  regional  cost  patterns  were  evident  for  some  practices,  the 
patterns  were  not  consistent  between  practices.  Due  to  the  wide  intra-provincial  variability  in  costs  and 
frequent  small  number  of  cost  estimates  per  province  (i.e.,  1—13),  it  is  impossible  to  conclude  with  any 
degree  of  certainty  that  differences  in  average  costs  between  provinces  are  statistically  significant.  For 
the  purpose  of  estimating  land  reclamation  costs  for  the  ATT  ACC  methodology,  it  may  be  desirable  to 
use  the  “Combined  Average”  of  all  provinces  found  in  the  last  row  of  each  table  to  estimate  costs  for  arid 
lands  in  general. 
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APPENDIX  9.4  POST-CLOSURE  MONITORING  CHECKLIST 


POST-CLOSURE  MONITORING  CHECKLIST 


Date  of  Last  Inspection:  Reason  for  Last  Inspection: 


Responsible  Agency:  Project  Manager: 


Inspection  Date: 


Inspector  (name,  title,  organization): 


Assistant  Inspector  (name,  title,  organization): 


A.  GENERAL  INSTRUCTIONS 

1  All  checklist  items  must  be  completed  and  detailed  comments  made  to  document  the  results  of  the  site  inspection.  The  completed  checklist  is  part  of 
the  field  record  of  the  inspection.  Additional  pages  should  be  used  as  necessary  to  ensure  that  a  complete  record  is  made.  Attach  the  additional 
pages  and  number  all  pages  upon  completion  of  the  inspection. 

3.  Any  checklist  line  item  marked  by  an  inspector  in  a  SHADED  BOX,  must  be  fully  explained  or  an  appropriate  reference  to  previous  reports 
provided.  The  purpose  of  this  requirement  is  to  provide  a  written  explanation  of  inspector  observations  and  the  inspector's  rationale  for  conclusions 
and  recommendations.  Explanations  are  to  be  placed  on  additional  attachments  and  cross-referenced  appropriately.  Explanations,  in  addition  to 
narrative,  will  take  the  form  of  sketches,  measurements,  annotated  site  maps. 

4.  The  site  inspection  is  a  walking  inspection  of  the  entire  site  including  the  perimeter  and  sufficient  transects  to  be  able  to  inspect  the  entire  surface 
and  all  features  specifically  described  in  this  checklist. 

5.  A  standard  set  of  color  35mm  photographs  Is  required.  In  addition,  all  anomalous  features  or  new  features  (such  as  changes  in  adjacent  area  land 
use)  are  to  be  photographed.  A  photo  log  entry  will  be  made  for  each  photograph  taken. 


6.  This  unit  will  be  inspected  biannually  with  formal  reporting  to  the  Nevada  Division  of  Environmental  Protection  to  be  done  annually.  The  annual 
report  will  include  an  executive  summary,  this  inspection  checklist  with  field  notes  and  photo  log  attached,  and  recommendations  and  conclusions. 


B.  PREPARATION  (To  be  completed  prior  to  site  visit) 

YES 

NO 

EXPLANATION 

1 .  Site  as-built  plans  and  site  base  map  reviewed. 

2.  Previous  inspection  reports  reviewed. 

a.  Were  anomalies  or  trends  detected  on  previous  inspections? 

b.  Was  maintenance  performed? 

3.  Site  maintenance  and  repair  records  reviewed. 

a.  Has  site  repair  resulted  in  a  change  from  as-built  conditions? 

b.  Are  revised  as-builts  available  that  reflect  repair  changes? 

C.  SITE  INSPECTION  (To  be  completed  during  inspection) 

YES 

NO 

EXPLANATION 

1.  Adjacent  off-site  features  within  watershed  areas. 

a.  Have  there  been  any  changes  in  use  of  adjacent  area? 

b.  Are  there  any  new  roads  or  trails? 

c.  Has  there  been  a  change  in  the  position  of  nearby  washes? 

d.  Has  there  been  lateral  excursion  or  erosion/deposition  of  nearby 
washes? 

e.  Are  there  new  drainage  channels? 

f  Change  in  surrounding  vegetation? 

2.  Security  fence,  signs. 

a.  Displacement  of  fences,  site  markers,  boundary  markers,  or 
monuments? 

b.  Have  any  signs  been  damaged  or  removed? 

(Number  of  signs  replaced:  ) 

c.  Were  gates  locked? 

APPENDIX  9.4  POST-CLOSURE  MONITORING  CHECKLIST  (CONT) 


POST-CLOSURE  MONITORING  CHECKLIST 

3.  Waste  Unit  cover. 

YES  NO  EXPLANATION 

a.  Is  there  evidence  of  settling? 

b.  Is  there  cracking? 

c.  Is  there  evidence  of  erosion  around  the  cap  (wind  or  water)? 

d.  Is  there  evidence  of  animal  burrowing? 

e.  Have  the  site  markers  been  disturbed  by  man  or  natural  processes? 

f  Do  natural  processes  threaten  the  integrity  of  any  cover  or  site 
marker? 

g.  Other? 

4.  Vegetative  cover. 

a.  Is  perimeter  fence  or  mesh  fencing  damaged? 

b.  Is  there  evidence  of  horses  or  rabbits  on  site? 

c.  Is  organic  mulch  adequate  to  prevent  erosion? 

d.  Are  weedy  annual  plants  present?  If  yes,  are  they  a  problem? 

e.  Are  seeded  plant  species  found  on  site? 

f  Is  there  evidence  of  plant  mortality? 

5.  Photo  Documentation 

a.  Has  a  photo  log  been  prepared? 

b.  Number  of  photos  exposed  (one,  attached  to  report) 

D.  FIELD  CONCLUSIONS 

1 .  Is  there  an  imminent  hazard  to  the  integrity  of  the  unit?  (Immediate 
report  required) 

Person/Agency  to  whom  report  made; 

2.  Are  more  frequent  inspections  required? 

3,  Are  existing  mmntenance/repair  actions  satisfactory? 

4,  Is  other  maintenance/repair  necessary? 

5 ,  Is  current  status/condition  of  vegetative  cover  satisfactory? 

6,  Rationale  for  field  conclusions: 

E.  CERTIFICATION 

1  have  conducted  an  inspection  of  the  Bomblet  Pit,  at  the  TTR  in  accordance  with  the  Post-Closure  Monitoring  Plan  (see  Closure  Report)  as  recorded  on  this 
checklist,  attached  sheets,  field  notes,  photo  logs,  and  photographs. 

Chief  Inspector's  Signature: 

Printed  Name: 

Title: 


Date: 


APPENDIX  9.5  INTERNET  WEB  SITES  FOR  HABITAT  RESTORATION 


Notable  sites  for  habitat  restoration  are  those  listed  in:  William  R.  Jordan  III,  1998.  World  Wide 
Web.  Restoration  &  Management  Notes  Volume  16,  Number  1,  Summer  1998.  A  condensed 
list  follows,  but  less  than  50  percent  of  the  websites  listed  in  this  publication  were  still  active  at 
the  time  this  report  was  published.  Listing  of  these  web  sites  does  not  constitute  or  imply  its 
indorsement,  recommendation  by  the  U.S.  Government  or  agency  thereof  or  its  contractors  or 
subcontractors.  Surviving  Web  sites  include: 

9.5.1  Non-profit  Organizations  and  Projects 

California  Ecological  Restoration  Projects  Inventory:  http://ice.ucdavis.edu/CERPI 
Environmental  Law  Institute:  http://www.eli.org 
Estuarine  Research  Federation:  http://erf.org/ 

Glen  Canyon  Institute:  http://www.glencanvon.org 

9.5.2  Nurseries,  Equipment  Suppliers,  and  Consulting  Firms 

Bitteroot  Restoration,  Inc.:  http://www.montana.com/BRI 
Carino  Nurseries:  http://www.carinonurseries.com 
Ecogroup:  http://www.ecomgmt.com 
Environmental  Concern:  http://www.wetland.org 
Ernst  Seeds:  http://www.emstseed.com 
Freshwater  Farms:  http://www.freshwaterfarms.com/ 

Granite  Seed  Company:  www.graniteseed.com 

Lewis  Environmental  Services:  http://www.lewisenv.com/ 

LSA  Associates:  www.lsa-assoc.com 

Plant  Health  Care:  http://www.planthealthcare.com 

Plants  of  the  Southwest:  www.plantsofthesouthwest.com 

Reforestation  Technologies  International:  http://www.reforest.com/index2.html 

S&S  Seeds:  www.ssseeds.com 


9.5.3  Government  Sites 

EPA  Adopt  Your  Watershed:  http://www.epa.gov/adopt/ 

EPA  Ecological  Restoration:  A  Tool  to  Manage  Stream  Quality:  http://www.epa.gov/adopt 
Native  Plant  Conservation  Initiative:  http://www.nps.gov/plants/austin99/ 

SERDP:  www.serdp.org/research/conservation.html 

U.S.  Forest  Service  National  Headquarters:  http://www.fs.fed.us 

U.S.  Army  Cold  Region  Research  and  Engineering  Laboratory:  www.crrel.usace.armv.mil/ecd/curr- 
research.htm  - - - - “ - 

Wetland  Science  Institute:  http://www.pwrc.usgs.gov/wli/default.htm 

VegSpec:  http://ironwood.itc.nrcs.usda.gov/Netdynamics/Vegspec/pages/HomeVegspec.htm 

9.5.4  University  Sites 

Biological  Control  of  Weeds  Working  Group:  http://bioweed.ifas.ufl.edu/ 

Colorado  State  University,  Dept,  of  Rangeland  Ecosystem  Science: 

www.cnr.colostate.edu/RES/rel/serdp/index.html 

9.5.5  Journals,  Newsletters,  Publishers 

Native  Plants  Journal:  http://nativeplants.for.uidaho.edu 
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